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April 19, 2018 
 
Dear Dr. DSouza, 
 
We appreciate the helpful comments provided by yourself and the Reviewers for our invited 
manuscript entitled “Using a knee arthrometer to evaluate tissue-specific contribution to knee 
flexion contracture in the rat”.  
 
Following our revisions, we believe that this article presents a novel, reproducible, and objective 
method for measuring knee range of motion in the rat and will be helpful for any laboratory that 
is interested in studying joint contractures. The appropriate ethics approval was obtained for the 
described methods, the submitted manuscript has been approved by all authors and we agree to 
bear any applicable publication charges. We trust that this study will be of interest to the many 
researchers who follow JoVE. 
 
  
Sincerely, 
 

 
 
Mark Campbell MD MSc FRCPC 
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results in increased morbidity. Due to the difficulty of reversing established knee contractures, 37 
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The rat represents a good model with which the effect of an intervention can be studied due to 39 
the similarity of rat knee anatomy to that of humans, the rat’s ability to tolerate long durations 40 
of knee immobilization in flexion, and because mechanical data can be correlated with histologic 41 
and biochemical analysis of knee tissue. 42 
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Using an automated arthrometer, we demonstrate a validated, precise, reproducible, user-44 
independent method of measuring the extension ROM of the rat knee joint at specific torques. 45 
This arthrometer can be used to determine the effects of interventions on knee joint ROM in the 46 
rat. 47 
 48 
INTRODUCTION:  49 
Having full range of motion (ROM) of the joints is critical for health and well-being1. A loss in joint 50 
passive ROM is called a contracture2. Joint contractures may arise from numerous conditions, 51 
including prolonged bedrest, paralysis, joint arthroplasty, burns, infection, and neurologic 52 
conditions1,3-5. A contracture of the knee can be disabling as it accelerates joint degeneration, 53 
increases the risk of falls and detrimentally affects a person’s ability to perform basic functional 54 
tasks including walking, sitting, and climbing stairs6,7.  55 
 56 
Once established, contractures of the knee are difficult to treat, and therefore determining which 57 
patients are at the highest risk of developing this condition is essential for prevention and 58 
avoidance of contracture-associated morbidity8. Experiments are designed to evaluate 1) the 59 
conditions causing or influencing knee joint contractures, 2) the severity of contractures, 3) their 60 
temporal progression, 4) the tissues involved in the contracture, 5) their reversibility as well as 61 
6) the usefulness of various preventive and curative interventions on knee joint ROM. For all of 62 
these experiments, a valid, objective, precise and reproducible method for measuring the ROM 63 
is critical. Other ancillary measures (energy expenditure, histomorphometry, gene expression 64 
and protein content) are useful markers to understand the pathophysiology of joint contractures, 65 
but the mechanical limitation is what limits the patient and leads to disability. Some of the 66 
challenges in this area of research includes the heterogeneous methods by which knee ROM may 67 
be tested experimentally, as well as a lack of quantitative data9. The use of a variety of different 68 
experimental methods leads to results that are not comparable from laboratory to laboratory. 69 
This has led to controversy regarding the conditions (such as immobilization or joint arthroplasty) 70 
that cause joint contractures10. An automated method of experimentally measuring joint ROM 71 
following an intervention is therefore needed. 72 
 73 
Here, we describe a user-independent, valid, precise and reproducible protocol for evaluating 74 
the rat knee ROM using a custom-built arthrometer linked to a digital camera to precisely 75 
measure the knee ROM in extension. We tested the effect of various periods of immobilization 76 
on knee ROM. We then describe the methods for measuring ROM at pre-specified torques on 77 
the resulting digital images using fixed bony landmarks. Overall, these methods reliably measure 78 
rat knee ROM and provide quantitative data. 79 
 80 
PROTOCOL:  81 
 82 
The rat knee immobilization model used has been approved by the University of Ottawa Animal 83 
Care and Veterinary Service and the local ethics committee.  84 
 85 
1. Animal Preparation 86 
 87 



   

 88 
1.1. At the end of the predetermined immobilization period, euthanize the rats by administration 89 
of carbon dioxide. 90 
 91 
Note: Here we used an immobilization model with a plate and 2 screws (one inserted in the 92 
proximal femur and the other in the distal tibia), which avoids violation of any knee joint 93 
structures, and maintains a knee-flexed position of 135° as described previously6. Over a period 94 
of time, this produces a knee flexion contracture11.  95 
 96 
1.2. Cover the area both on and around the surface that the arthrometer will be placed upon 97 
with absorbent, water-proof protection pads. Wear gloves, lab coat, and eye protection, while 98 
completing the experiment. 99 
 100 
1.3. Using a scalpel, divide the skin to expose the plate and screws (see the note following step 101 
1.1); insert the more proximal screw in the proximal femur and insert the more distal screw in 102 
the distal tibia. Palpate to locate the screws. Once the screw heads are accessible, remove the 103 
screw using a screwdriver. 104 
 105 
Note: During the period of immobilization, the heads of the screws may become covered by soft 106 
tissue. If this occurs, use the scalpel to gently remove the tissue and uncover the screw heads. 107 
 108 
1.4. Once the screws are removed, remove the plate manually or using forceps from a dissection 109 
kit.  110 
 111 
1.5. Using scissors and forceps, deglove the lower extremity to remove skin from underlying 112 
fascia. 113 
 114 
2. Animal Positioning on the Motor-Driven Arthrometer 115 
 116 
Note: All testing should be performed at room temperature. Here the arthrometer is powered 117 
by a standard North American 120 V input. The adapter output is 12 V and 500 mA. 118 
 119 
2.1. Position the animal to be tested on its side with the experimental leg (the leg to be tested) 120 
facing upwards (Figure 2).  121 
 122 
2.1.1. Secure the femur in the grooved metal clamp that is integrated into the mounting stage of 123 
the arthrometer. Punch holes through the muscle using a precision screwdriver to place the 124 
clamp distal to the greater trochanter and secure the femur. Adjust the lateral femoral condyle 125 
over the center of rotation of the arthrometer (Figures 1, 2).  126 
 127 
2.1.2. Position the movable arm with two upright posts behind the leg, just superior to the 128 
calcaneus, to push the knee into passive extension once the electric motor is activated.  129 
 130 
2.1.3. Tighten the femur clamp at its base using a hex key until it is secured. 131 



   

 132 
2.2. Ensure the camera is correctly mounted on the arthrometer using a screwdriver and is on 133 
Manual Focus. Focus the camera on the femoral condyle. 134 
 135 
2.3. Select the direction setting on the arthrometer (clockwise or counterclockwise) depending 136 
on the direction of the knee ROM being tested and the position of the rat.  137 
 138 
2.4. Activate the arthrometer motor by simultaneously pushing the Power and Start button. 139 
 140 
Note: The necessity of pushing the power and start button simultaneously is a safety feature of 141 
the device, which prevents accidental activation. 142 
 143 
2.4.1. Observe that the arthrometer motor will move at a speed of 6.6 RPM and then stop for 2.1 144 
seconds upon reaching the first pre-set torque.  145 
 146 
2.4.2. Note that when the first torque is reached, the corresponding LED will light up and the 147 
digital camera will take a picture of the knee automatically.  148 
 149 
Note: Once the picture is taken, the arthrometer will continue to the next, higher preset torque. 150 
Once the four torques have been applied, the arthrometer will stop. Once the rat is positioned 151 
on the arthrometer and testing is initiated, the total time for testing one knee is approximately 152 
18.8 seconds. Times may vary slightly depending on the condition of the joint contracture. The 153 
images taken are used to measure the extension at each torque. 154 
 155 
3. Capturing the Angle of Knee Extension Using the Motor-Driven Arthrometer 156 
 157 
Note: Once the motor has stopped at each applied torque, a digital camera is triggered to take a 158 
picture. The camera is positioned on the frame such that it is directly above the knee joint being 159 
tested and focused on the femoral condyle.  160 
 161 
3.1. Continue testing with the same knee from the same animal but in a different situation, e.g., 162 
after a myotomy of the posterior transarticular muscles is performed to isolate the arthrogenic 163 
(non-muscular) component of a contracture, or with a knee from another animal.  164 
 165 
3.1.1. When completing the myotomy, dissect the muscle proximal enough to the knee joint to 166 
ensure that the capsule is not cut.  167 
 168 
Note: It is easiest to complete the myotomy when the leg is in extension, following application 169 
of torque setting 4 (17.53 N-cm). Then, repeat steps 2.1 through 3.1. 170 
 171 
3.2. Once both legs have been tested in all conditions (e.g., before and after myotomy), dispose 172 
of the animal carcass and all biohazardous materials following institutional protocol, and clean 173 
the arthrometer.  174 
 175 



   

4. Knee ROM Measurement Analysis 176 
 177 
4.1. Analyze ROM using ImageJ. 178 
 179 
Note: Here version 1.45s was used. 180 
 181 
4.2. Open the file containing the digital image taken by the camera mounted on the rat 182 
arthrometer. 183 
 184 
Note: The person performing the analysis should be blinded to the experimental grouping of the 185 
animal (e.g., immobilized versus control). 186 
 187 
4.3. Select the Angle tool from the main toolbar and trace the femorotibial angle by drawing a 188 
femoral line from the lateral condyle to the middle of the femur clamp (aligned with the femoral 189 
diaphysis, Figure 2), and a tibial line from the lateral femoral condyle to the lateral malleolus 190 
(Figure 2).  191 
 192 
Note: The femoro-tibial angle corresponds to the maximal angle of knee extension reached at 193 
each preset torque. 194 
 195 
4.4. Use the measuring tool by clicking Analyze| Measure to show the calculated angle produced 196 
by the 2 lines drawn above. Use the convention of 0° to mean full extension. 197 
 198 
REPRESENTATIVE RESULTS:  199 
The amount of knee extension determined for various periods of immobility are summarized for 200 
increasing durations of immobility and show that more severe contractures were produced 201 
following increasing lengths of immobilization. Representative results using ImageJ are shown in 202 
Figure 3. 203 
 204 
The ability to measure maximum extension of rat knees in a valid, precise and reproducible, user-205 
independent manner that reduces bias in the data. In the example provided, we evaluated the 206 
maximum knee extension following 16 weeks of immobilization for 7 rats, comparing the 207 
immobilized (experimental) limb to the non-immobilized contralateral limb. The limb chosen for 208 
immobilization alternated from one rat to the next (e.g., rat 1 had the right knee immobilized, 209 
rat 2 the left). The investigator measuring the angles was blinded to which side was immobilized 210 
during measurements. The results are presented in Figure 3. For the immobilized knee, the ability 211 
for maximum extension was reduced compared to the contralateral. Division of transarticular 212 
muscles eliminates the myogenic component of the flexion contracture. Following myotomy, the 213 
maximal extension capability for the experimental and contralateral knee increased; however, 214 
the experimental knee continued to demonstrate a flexion contracture (Figure 3).  215 
 216 
FIGURE LEGENDS: 217 
 218 



   

Figure 1. Rat knee arthrometer. A) Entire apparatus B) Representative image of animal within 219 
arthrometer C) Electronics display and clamps for arthrometer. D) Enlarged image of electronics 220 
display. Numbers indicate the various torques being applied: torque 1 = 2.53 N-cm, torque 2 = 221 
7.53 N-cm, Torque 3 = 12.53 N-cm, torque 4 = 17.53 N-cm. E) Enlarged image of the femoral 222 
clamp and tibial pushing apparatus. The femoral clamp is fixed to the stage. The tibial moving 223 
arm has 2 upright posts that fix the distal lower extremity and move the knee into extension. 224 
Arrowhead and chevron indicate the femur clamp and the moveable arm, respectively. 225 
 226 
Figure 2. Arthrometer and experimental rat for evaluation. A) Knee extension of the posterior 227 
limb is measured using the tibial line drawn from the lateral femoral condyle to the lateral 228 
malleolus and the femoral line drawn from the lateral condyle to the middle of the femur clamp. 229 
Arrowhead and chevron indicate the femur clamp and the moveable arm, respectively. B) High 230 
magnification images of the femoral condyle and C) High magnification of lateral malleolus. 231 
 232 
Figure 3. Immobilized and contralateral rat knee range of motion following 16 weeks 233 
immobilization. For both knees, after testing knee extension with all articular structures intact 234 
(n=7), a myotomy of the trans-articular muscles was performed to determine the arthrogenic 235 
limitation on ROM. Data are presented as mean degrees from full extension (using the 236 
convention 0° = full extension) with error bars representing standard deviation. * represents p < 237 
0.01 using the independent-samples T-test. 238 
 239 
DISCUSSION:  240 
The rat knee arthrometer was developed to reproducibly and reliably determine the maximum 241 
extension of the rat knee following an intervention. Advantages of this device include the 242 
consistent generation of torque across the knee joint with a constant arm length and extension 243 
force. Another advantage includes the ability to set the torque at a level that allows repetitive 244 
testing on the same joint to evaluate the influence of different articular structures on knee ROM, 245 
such as muscle, capsule, or ligament. For example, following testing of the fully intact joint, the 246 
posterior transarticular knee muscles could be divided and arthrometer testing repeated in order 247 
to determine the arthrogenic contribution to extension limitation11.  248 
 249 
Specific mechanical features of the arthrometer that optimize measurement accuracy and 250 
precision include the grooved clamp, which is designed to prevent rotation of the femur during 251 
testing (Figure 1). The distal two metal upright posts engage the leg posteriorly, pushing the knee 252 
into extension in a clockwise direction, and minimize the risk of posterior dislocation of the tibia 253 
on the femur during testing (Figure 1). The height of the posts and anterior overhang of the upper 254 
upright link ensure that the tibia does not slip off the posts. The ability of the upright posts to 255 
rotate and maintain their position on the tibia just proximal to the calcaneus ensures constant 256 
torque. Four torques are tested in sequence: 2.53 N-cm, 7.53 N-cm, 12.53 N-cm, and 17.53 N-257 
cm. The highest torque level was determined to be the amount of force that led to capsular 258 
failure in normal (unoperated) rat knee joints (i.e., extension surpassing 0°) after division of all 259 
transarticular muscle. The lowest torque was the point of resistance to angular motion just above 260 
measurable amounts on normal rat knee joints. The middle two torques were set to be 261 
approximately midway between the highest and lowest torques. 262 



   

 263 
Other methods for measuring joint ROM at specific torques have been described for both rat and 264 
other animal models12-16. Some of the advantages of our model over these other systems include 265 
a convenient size that allows benchtop placement of the device without the need for special 266 
facilities. Other models may also require disarticulation of the limb being studied while the model 267 
presented here does not. Mechanically, the arcing pathway of the post applies the extension 268 
force to the distal leg, following the angular progression of the knee, thus maintaining a 269 
consistent angle of force application. The stage of the arthrometer allows the placement of the 270 
entire rat on the measuring tool, allowing the testing of all in situ articular structures that may 271 
contribute to lost ROM without violating joint anatomy. While the ethics protocol for our lab 272 
excludes testing on live animals, this would theoretically be possible with appropriate analgesia 273 
and post-test sacrificing protocols. 274 
 275 
The arthrometer does present some disadvantages. The device was sized to the adult rat knee to 276 
ensure that the moveable arm was at a length to ensure it would not slip off the leg and the leg 277 
would not slip off the arm. Younger rats, or smaller and larger species would benefit from 278 
appropriately-sized components. Additionally, a reprogramming of the optimal moment arm and 279 
force (torque) would be required. If, for example a larger or smaller animal was used, adjusting 280 
the length of the moment arm and/or amount of force applied to reach optimal torque may be 281 
necessary. Other parts of the arthrometer might also need to be resized, according to the size of 282 
the animal. While the movements of the arthrometer are user-independent, joint measurement 283 
using ImageJ may be subject to human error. We have found however that, using the methods 284 
presented here, there is high intra-rater and inter-rater reliability with intraclass correlation 285 
coefficients of 0.987 and 0.903, respectively. Because the highest torque often damages the 286 
articular structures during testing, a valid inter-rater reliability for the animal placement and 287 
activation of the arthrometer is difficult to determine. To avoid measurement error that might 288 
be associated with having more than one investigator perform this part of the protocol, we 289 
recommend having the same investigator secure the rats to the arthrometer for the duration of 290 
a study so that any bias is consistent between experimental and control knees. Because the 291 
hamstrings cross both the knee and hip joints, retroversion of the pelvis may occur during testing 292 
at torques 1 and 2 prior to myotomy. This may contribute to increases in knee extension for both 293 
experimental and control knees at these torques. Finally, results may vary from true in vivo ROM 294 
as the protocol was developed to test euthanized rather than live animals. 295 
 296 
While we described the use of a device for evaluating the effects of immobility on the rat knee 297 
joint, other conditions affecting joint ROM could also be studied. There are numerous examples, 298 
some of which include effects of trauma, increased muscular tone secondary to central nervous 299 
system insult, or genetic modifications relating to neuromuscular disease. Respective 300 
interventions such as stem cell application to the knee joint, neuromuscular junction blockade, 301 
or gene therapy treatments that help discover new treatment options could also be assessed 302 
using the device. 303 
 304 
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Comment 6 
Please provide an email address for each author. 
 
Response 
Email addresses have been added to the ‘Authors and Affiliations’ section 
 
 
Comment 7 
JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), 
registered symbols (®), and company names before an instrument or reagent. Please remove all 
commercial language from your manuscript and use generic terms instead. All commercial products 
should be sufficiently referenced in the Table of Materials and Reagents. 
 
Response 
Commercial language was removed from the body of the manuscript and left in the ‘Table of Materials 
and Reagents’ 
 
 
Comment 8 
Please ensure that all text in the protocol section is written in the imperative tense as if telling someone 
how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the 
imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” 
“should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative 
tense may be added as a “Note.” However, notes should be concise and used sparingly. Please include 
all safety procedures and use of hoods, etc. 
 
Response 
The protocol has been re-written in the imperative tense. 
 
 
Comment 9 
The Protocol should contain only action items that direct the reader to do something. Please move the 
discussion about the protocol to the Discussion. 
 
Response 
Done. 
 
 
Comment 10 
Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how 
is the step performed? Alternatively, add references to published material specifying how to perform 
the protocol action. 
 
Response 
More details have been added throughout the protocol. 
 
 
 



Comment 11 
Please describe the immobilization model in more detail. 
 
We have added details to the Discussion. Lines (starting on line 218). 
 
“The rat knee immobilization model used in our lab has been approved by the University of Ottawa 
Animal Care and Veterinary Service and the local ethics committee. Our lab uses an immobilization 
model with a plate and 2 screws (one inserted in the proximal femur and the other in the distal tibia) 
which avoids violation of any knee joint structures, and maintains a knee-flexed position of 135° as 
described previously6. Over a period of time, this produces a knee flexion contracture11.” 
 
 
Comment 12 
1.2: How are the skin and the screws divided? How are the plate and the screws removed? 
 
Response 
More detail has been provided (section 1.3) 

1.3 “Using a scalpel, divide the skin to expose the plate and screws. The more proximal screw is 
inserted in the proximal femur and the more distal screw in the distal tibia. The screws 
should be easily located by palpation. Once the screw heads are accessible, remove the 
screw using a screwdriver. 

NOTE: during the period of immobilization, the heads of the screws may become covered by soft 
tissue. If this occurs, use the scalpel to gently remove the tissue and uncover the screw heads.” 
 
 
Comment 13 
Please specify all surgical tools and the surgery as well. 
 
Response 
A dissection kit with specific components was included in the ‘Table of Materials’.  
 
 
Comment 14 
2.1: What is an appropriate area? 
 
Response 
This has been clarified (section 1.2) 

“1.2. Cover the area both on and around the surface that the arthrometer will be placed upon 
with absorbent, water-proof protection pads. Wear gloves, lab coat, and eye protection, while 
completing the experiment.” 
 
 
Comment 15 
Please provide all experimental parameters. 
 
Response 
These have been added under Section 2. 



“NOTE: all testing should be performed at room temperature. Our arthrometer is powered by a 
standard North American 120V input. The adapter output is 12V and 500mA.” 
 
 
 
Comment 16 
Please do not abbreviate journal titles. 
 
Response: 
The referenced journals are now cited by their full names. 
 
 
 
 
Reviewer 1 
 
Comment 1 
The authors should describe in the discussion section the disadvantages that present this technique. 
 
Response: 
The limitations in the Discussion have been expanded, starting at Line 251. 
 
 
Comment 2 
One of the major limitations is the death of the animal according to point 1.2. (line 89). The authors 
should improve this method to allow testing live animals. Please, discuss. 
 
Response: 
This has been added to the Discussion (line 247). 
 
“While the ethics protocol for our lab does not include testing on live animals, this would theoretically 
be possible with appropriate analgesia and post-test sacrificing protocols.” 
 
 
Comment 3 
The authors should add an image of the whole animal in the arthrometer. 
 
Response 
An image was added to Figure 1 which showing the whole animal on the arthrometer. 
 
 
Comment 4 
Please, explain better the aim of step 2.5.2. (line 120). 
 
Response 
Details regarding how we determined the 4 torques have been added to the Discussion (starting line 
232). 
 



“Four torques are tested in sequence: 2.53 N-cm, 7.53 N-cm, 12.53 N-cm, and 17.53 N-cm. The highest 
torque level was determined to be the amount of force that led to capsular failure in normal 
(unoperated) rat knee joints (i.e., extension surpassing 0°) after division of all transarticular muscle. The 
lowest torque was the point of resistance to angular motion just above measurable amounts on normal 
rat knee joints. The middle two torques were set to be approximately midway between the highest and 

lowest torques.” 
 
 
 
Reviewer 2 
 
Comment 1 
Line 104 - 107 - how do the upright posts engage the leg? Is it posterior compression? Or does the tibia 
pass through the uprights? If the tibia does not pass through the uprights, do the uprights have to be 
repositioned anterior to the leg in order to push the tibia posterior to flex the knee? 
 
Response 
The metal posts engage the tibia posteriorly, as suggested. The action of the upright posts has been 
clarified in the Discussion (paragraph starting on line 225). 
 
“The distal two metal upright post engage the leg posteriorly, pushing the knee into extension, and are 
designed to minimize the risk of posterior dislocation of the tibia on the femur during mechanical testing 
(Figure 1).” 
 
 
Comment 2 
Line 155 - 159 - the lateral femoral condyle and lateral malleolus are not easily defined on the pictures. 
Is there any work on the intra and inter observer repeatability of the measures? 
 
Response 
We have included higher magnification images to show these landmarks, as they are more easily 
identified on high-resolution, high-magnification images. Intra-observer intraclass correlation coefficient 
is 0.987. Inter-observer intraclass correlation is 0.903. These have been added to the manuscript (line 
261). 
 
 
Comment 3 
Line 172 - 175 - are any of the mean angle measures statistically different? How many animals were 
used to generate the data? Was the immobilized knee randomized, or was it always the same side? 
 
Response 
Statistical indicators have been added to Figure 3. Seven rats were used to generate this representative 
data. The laterality of the immobilized knee alternated between left and right (e.g. rat 1 left 
immobilized, rat 2, right immobilized). Note that the person measuring the angles was blinded to which 
side was immobilized during our measurements. 
 
This has been more fully explained in the last paragraph of the Results: 



“The ability to measure maximum extension of rat knees in a valid, precise and reproducible, user-
independent manner reduces bias in the data. In the example provided, we evaluated the maximum 
knee extension following 16 weeks of immobilization for 7 rats, comparing the immobilized 
(experimental) limb to the non-immobilized contralateral limb. The limb chosen for immobilization was 
alternated from one rat to the next (e.g. rat 1 had the right knee immobilized, rat 2 the left). The 
investigator measuring the angles was blinded to which side was immobilized during measurements.” 
 
 
Comment 4 
Discussion - it is not clear about the tibia clamp, if it wraps around the bone or not like the femur clamp 
does, has it happened that the upright posts slip off the leg, or at least the leg slips on the clamp such 
that the application of the torque changes because the tibia is not rigidly clamped? 
 
Response 
This has been clarified in the Discussion. See Reviewer 2, Comment 1. In our experience with the 
arthrometer, the tibial posts maintain their position just superior to the calcaneus during testing. 
 
 
Comment 5 
Line 166 - 167 - clinical convention is that full extension is 0°. 
 
Response 
Agreed. The Y-axis in Figure 3 has been rescaled to conform to this convention. 
 
 
Comment 6 
Line 120 - 129 - why 4 torques? How were the torque values selected? 
 
Response 
See Reviewer 1, Comment 4. 
 
 
Comment 7 
Labelling Figure 1 to indicate the femur clamp, the tibia clamp, and the upright posts would be helpful. 
 
Response 
The femur clamp and moveable arm, or ‘upright posts’, have been labelled with an arrowhead and 
chevron respectfully. The corresponding Figure legend has also been updated. 
 
 
 
 
 
 
 
 
 
 



Reviewer 3 
 
Comment 1 
The posterior transarticular muscles, for example hamstrings begin from ischial tuberosity. It means that 
the angle of pelvic influence of the knee extension ROM. How does the investigator control the pelvic 
position during measurement? 
 
Response 
We thank Reviewer 3 for this excellent comment and we have discussed it at length. We agree that our 
arthrometer does not control the movement of the pelvis during testing. It is possible that at lower 
torques (torques 1 and 2), the relative change in knee extension going from one torque to the next 
would be greater than if the pelvis were fixed (ie. as the pelvis moves into retroversion due to the pull 
on the hamstrings). Note however that this would be true of both experimental and control knees and 
so a difference due to experimental conditions (e.g. immobility) should still be detectable (though the 
percentage change between torques might be different). At the higher torques (torques 3 and 4), this is 
unlikely to affect the knee ROM measurements and the pelvis would be in maximum retroversion by 
torque 2 (no movement of the pelvis is visible on the arthrometer above torque 2) and ROM 
measurements are taken using fixed bony landmarks below the pelvis. Of course, once myotomy is 
performed, this issue would be resolved. 
 
We have updated the Limitations paragraph (line 267): 
“Finally, because the hamstrings cross both the knee and hip joints, retroversion of the pelvis may occur 
during testing at torques 1 and 2 prior to myotomy. This may contribute to increases in knee extension 
for both experimental and control knees at these torques.” 
 
 
Comment 2 
The authors mention that joint angle measurement is investigator-independent. On the other hand, 
there are some possibility that there are difference of the results caused by between investigator skill. 
Inter-examiner reliability should be confirmed about this apparatus. 
 
Response 
A valid inter-rater reliability for the use of the arthrometer is very difficult to calculate due to the fact 
that the highest torque often damages the articular structures, which would alter (increase) the 
maximum extension that could be achieved if a second person attempted to re-test the same rat. We 
generally avoid try to avoid changing the person securing the rats to the arthrometer during a study so 
that any investigator-dependent bias is consistent between experimental and control knees. This has 
been added as a limitation to the Discussion (lines). 
 
We have added intra and inter-rater reliability for ImageJ analysis to the Discussion (see Reviewer 2, 
Comment 2). 
 
 
Comment 3 
This protocol is to measure the range of motion in extension of the rat knee joint. Reviewer 
recommends author mention this point clearly in abstract and too; Line 43 from the ROM to the 
extension ROM. 
 



Response 
Though the arthrometer could be used to measure flexion, we agree that the protocol describes 
extension only. The abstract has been updated to clarify (line 50) 
 
 
Comment 4 
Line 301: There are no arrowhead and chevron in Figure 2. 
 
Response 
Agree that this was an omission. Arrowheads and chevron has been added to Figure 2. 
 
 
 
 
We would like to thank the Editor and Reviewers 1, 2, and 3 for their insightful comments that have 
helped strengthen our manuscript. 


