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Accuracy of Partial Weightbearing After Autologous Chondrocyte Implantation 24 

 25 

Objective(s): To determine whether patients can accurately replicate and retain weightbearing 26 

(WB) restrictions in both stationary (static) and dynamic conditions following autologous 27 

chondrocyte implantation (ACI). 28 

Design: Case series. 29 

Setting: Rehabilitation clinic. 30 

Participants: A consecutive sample of 48 patients who had undergone ACI to a medial or lateral 31 

femoral condylar defect in the knee.  32 

Intervention(s):  Patients were trained to partially weightbear using bathroom scales and forearm 33 

crutches prior to assessment. 34 

Main Outcome Measures(s): A force platform was used to measure peak vertical ground 35 

reaction forces in patients during static and dynamic conditions immediately after WB 36 

instruction and training, and again during gait 7-days after training. 37 

Results: Immediately after instruction and weightbearing practice on a set of scales, patients 38 

exerted a mean of 15.8% body weight more than expected during walking for 20% WB trials, 39 

8.3% more for the 40% trials, 11.9% more for the 60% trials, and 1.2% under the prescribed 40 

80% trials. Accuracy of WB replication improved across all WB levels when assessed 7-days 41 

later, whereby patients exerted a mean of 6.6% body weight more than expected during walking 42 

for 20% WB trials (9.2% body weight improvement), 4.2% more for the 40% trials (4.1% body 43 

weight improvement), 9.9% more for the 60% trials (2.0% body weight improvement), and 44 

0.2% more for the 60% trials (1.0% body weight improvement).  45 
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Conclusions: Patients were unable to follow WB restrictions after instruction and practice on a 46 

set of scales, and patients were unable to replicate WB levels in both static and dynamic 47 

conditions.  48 

Keywords: partial weight bearing accuracy, rehabilitation, autologous chondrocyte implantation.49 
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Autologous chondrocyte implantation (ACI) has shown early clinical success as a repair 50 

procedure to treat focal articular cartilage defects in the knee.1,2,3,4 The general ACI procedure 51 

involves isolating and culturing a patient’s own chondrocytes in vitro and reimplantation of 52 

those cells into the cartilage defect; therefore, over time, development and remodeling of the 53 

repair tissue into hyaline-like cartilage can occur. Postoperative rehabilitation after ACI involves 54 

a gradual and progressive program that emphasizes full motion, controlled exercises, and 55 

progressive load-bearing.2 Partial weightbearing (PWB) throughout the early stages after ACI is 56 

encouraged5 to provide protection and progressive stimulation of cells, without overloading the 57 

graft; however, it is unknown whether patients can replicate these desired loads, potentially 58 

hindering optimal short- and long-term development of the repair tissue. 59 

 60 

Robertson et al6 proposed rehabilitation should consist of a structured load-bearing program 61 

progressing from 20% to 100% body weight (BW) over a 3- to 4-month postoperative period. 62 

Numerous methods exist for teaching this progressive PWB program to patients, including 63 

verbal instruction,7 pressure applied to the hand of a licensed physical therapist,8 the use of 64 

standard bathroom scales,5,8,9,10,11,12,13,14 “limb load monitors”15 or pressure insoles,16,17 and force 65 

monitoring platforms.8 The bathroom scale method is recognized as one of the most common 66 

and practical methods of teaching PWB.5 However, mixed results surround the evaluation of 67 

this method as an effective tool for teaching PWB, whereby both good10,12 and poor8,9,13,14,17 68 

PWB replication ability has been reported. 69 

 70 

A number of issues arise pertaining to the use of PWB for ACI rehabilitation. First, 71 

unidirectional loading in a stationary position fails to reproduce the situation experienced during 72 
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dynamic gait8 whereby body and limb accelerations are introduced. Second, the patient must not 73 

only be able to replicate the prescribed PWB levels accurately after instruction, but also to retain 74 

that information over an extended period. Third, much of the existing research has explored 75 

PWB ability at only one nominated weightbearing (WB) level,8,9,10,11,12,17,18,19 and in unaffected 76 

subjects.8,9,10,11,12,13,17,18 Factors in patients such as pain9 and reduced muscle power20 affect 77 

PWB ability, as may an altered mental state and fragility after the operative procedure.  78 

 79 

Presuming a direct relationship between ground reaction force (GRF) experienced at the feet 80 

and loading experienced at the articular surface, the purpose of graduated PWB in ACI 81 

rehabilitation is to provide both protection and an ongoing stimulus to developing repair tissue.  82 

Postoperative rehabilitation for the ACI procedure focuses on increasing load-bearing in gait 83 

over time, which provides the optimal stimulus for developing chondrocytes at each 84 

postoperative stage, without overload, and possible de-lamination of the graft. The accuracy of 85 

load-bearing replication and retention during PWB gait throughout the duration of the 86 

rehabilitation program is based on the ability of each individual patient to learn, replicate, retain, 87 

and exhibit the desired loads while walking. However, it is unknown whether patients can 88 

actually attain this theoretical program.  89 

 90 

Our first two hypotheses were that patients undergoing ACI could not replicate vertical GRF 91 

loading within 5% of patient BW in both static and dynamic conditions immediately after 92 

instruction, across a range of PWB loads throughout the rehabilitation period. Thirdly, we 93 

hypothesized patients could not replicate these loads within 5% of patient BW dynamically after 94 

a 7-day instruction-retest interval, and fourthly, that there would be no significant improvement 95 
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over the 7-day period across all PWB loads. Fifth and finally, we hypothesized patients 96 

undergoing ACI who were poor at replicating vertical loads in a static condition were also poor 97 

at replicating those loads during walking.  98 

 99 

Methods 100 

 101 

We instructed 48 patients (31 men, 17 women) who had undergone ACI to the knee how to 102 

achieve PWB loading at 20%, 40%, 60%, and 80% of their individual BW using the bathroom 103 

scale method. After instruction and practice of each of the nominated WB levels, the ability to 104 

replicate the nominated loads within 5% of BW in both a stationary (static position - a situation 105 

that duplicated the practice setting) and during walking using a force platform was assessed. 106 

This assessment took place both immediately (static and dynamic) and 7 days after instruction 107 

(dynamic).  108 

 109 

Patients who had undergone ACI to localized, full-thickness medial or lateral femoral condylar 110 

defects (less than 10 cm2 on MRI) to the knee participated in this study. Patients with multiple 111 

articular cartilage defects were included as were those with ligamentous deficiencies provided 112 

they were addressed before or at the time of ACI grafting. Patients with isolated trochlea or 113 

patella defects were excluded as were those presenting with ongoing progressive inflammatory 114 

arthritis or varus-valgus abnormalities that required surgical correction (<5º tibiofemoral 115 

anatomic angle)21. None of the patients had ongoing concurrent orthopaedic conditions or 116 

sensorimotor impairments that would affect their ability to participate in the study, as 117 

determined by their orthopaedic specialist. Patients were referred directly to the study from 118 
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participating orthopaedic specialists who were aware of the inclusion/exclusion criteria, while 119 

no patients declined to participate in the study. The mean age of patients was 38.6 years, the 120 

average height was 175.1 cm, and body mass index was 81.8 kg/m2. Ethical approval was 121 

obtained from the associated institutions and written informed consent from the participants was 122 

obtained before the onset of the study. A priori power calculation indicated a total sample size 123 

of 26 would reveal differences at the 1.7% significance level with a power of 0.8, using a 124 

moderate effect size of 0.6. 125 

As part of a larger clinical trial being undertaken, patients were randomly assigned (block 126 

randomization, gender, and age younger or older than 40 years) to either “traditional” or 127 

“accelerated” load-bearing rehabilitation pathways. The “traditional” pathway consisted of a 5-128 

week period of WB at 20% (toe-touch) BW, followed by a progressive rise in load bearing until 129 

full WB was attained at 11-weeks post-surgery. The “accelerated” load bearing gradient 130 

removed the initial 5-week toe-touch phase, whereby load bearing was progressively increased 131 

immediately with full WB attained at approximately 8-weeks post-surgery (Table 1). Only the 132 

accelerated group was subjected to a 40% BW WB stage (Table 1) and, for this reason, only 22 133 

patients (the number of patients randomly assigned to the accelerated group) out of the total 134 

group of 48 underwent this WB condition (Table 2). Assessment at 20% and 60% BW WB 135 

levels were still undertaken in both groups at the same point in the postoperative timeline (Table 136 

1), whereas the “accelerated” patient group underwent the 80% BW WB level two weeks earlier 137 

than the “traditional” group (Table 1). Furthermore, as a result of the late introduction of the 138 

static WB assessment, only 18 patients completed static replication trials at 20% BW (Table 2). 139 

Finally, although 48 patients participated in this study, the number who participated in both 140 

initial static and dynamic replication and 7-day retention trials differed among the 20%, 40%, 141 
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60%, and 80% BW WB levels (Table 2). This was the result of either the research design or 142 

factors beyond our control, including illness and missed sessions.  143 

TABLE 1. The Load Bearing Protocols for both the Accelerated and Traditional Patient 144 

Groups. Patients were Assessed Immediately Following Instruction and Practice (A) and 145 

One Week After (B) Instruction 146 

Traditional Group 

Weeks Post-surgery 2 3 4 5 6 7 8 9 10 11 12 

Weight bearing (%BW) 20% 60% 60% 70% 80% 90% 100% 

Test Point # 20%A 20%B N/A 60%A 60%B N/A 80%A 80%B N/A 

Crutches 2 1 1 1 1 1 1 0 

Brace Y Y Y Y Y Y Y N 

Accelerated Group 

Weeks Post-surgery 2 3 4 5 6 7 8 9 10 11 12 

Weight bearing (%BW) 20% 30% 40% 50% 60% 80% 100% 

Test Point # 20%A 20%B 40%A 40%B 60%A 60B/80A 80%B N/A 

Crutches 2 2 2 2 1 1 1 0 

Brace Y Y Y Y Y Y Y N 

BW = body weight 147 

 148 

TABLE 2. Summary of Expected and Actual Weightbearing for Static, Initial Dynamic 149 

Replication and 7-day Retention Conditions Throughout 20%, 40%, 60%, and 80% 150 

Weightbearing Levels 151 

Variable Static Replication Dynamic Replication Dynamic Retention (7-day) 

Number of patients 18 22 43 40 41 22 43 40 41 22 43 40 

Gender (M/W) 12/6 15/7 29/14 25/15 27/13 15/7 29/14 25/15 27/13 15/7 29/14 25/15 

Age (years) 38.3 34.3 37.3 38.6 38.9 34.3 37.3 38.6 38.9 34.3 37.3 38.6 

Body mass (kg) 88.6 77.1 82.2 82.2 82.7 77.1 82.2 82.2 82.7 77.1 82.2 82.2 

VAS frequency (0-10) 2.5 2.5 2.6 2.5 2.5 2.5 2.6 2.5 2.5 2.5 2.5 2.7 

VAS severity (0-10) 2.8 2.5 2.5 2.4 2.8 2.5 2.5 2.4 2.7 2.6 2.5 2.8 

Expected WB (%BW) 20 40 60 80 20 40 60 80 20 40 60 80 

Mean WB (%BW) 32.9 45.4 67.2 79.6 35.8 48.3 71.9 78.8 26.6 44.2 69.9 80.2 

Difference (%BW) +12.9 +5.4 +7.2 -0.4 +15.8 +8.3 +11.9 -1.2 +6.6 +4.2 +9.9 +0.2 

Minimum (%BW) 8.2 11.7 45.9 68.3 8.4 15.3 53.9 61.4 2.8 18 52.5 67.3 

Maximum (%BW) 54.9 81.1 94.4 90.2 71.1 66.6 93.8 94.3 59.7 89.6 93.3 95.6 

M = men; W = women; VAS = visual analog scale; WB = weightbearing; BW = body weight 152 
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The bathroom scale method was used to train patients to follow the progressive WB program. 153 

This method involved patients placing their affected leg on the scales (Electronic Tanita 154 

Wedderburn Scales, accuracy 0.1 kg; Tanita Corporation, Tokyo, Japan) with the unaffected leg 155 

next to the scales on a platform at the same height (Fig 1). The patient performed three sets of 156 

10 repetitions ramping up to the nominated weight using the electronic scales as a visual guide. 157 

After this static loading practice, the patient walked for approximately 40 m at the nominated 158 

PWB level and then returned to the scales to perform a final set of 10 static trials. All PWB 159 

practice and assessment was undertaken in bare feet to ensure standardization across all patients. 160 

At each postoperative stage, the patient was made aware of the PWB increment and any changes 161 

with regard to the number of recommended walking aids. Patients wore a knee brace throughout 162 

all WB conditions and used two forearm walking aids at the 20% and 40% BW WB stages and 163 

one walking aid for the 60% and 80% BW WB stages as per the rehabilitation protocols. The 164 

PWB increment was calculated based on the current weight of the patient. 165 

 166 

 167 

 168 

 169 

 170 

 171 

 172 

 173 

 174 

 175 
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Fig 1. 176 

 177 

 178 

Immediately after instruction and practice, patients were assessed on their ability to replicate the 179 

PWB force on the foot of the affected leg within 5% of BW in a static standing position and 180 

while walking. The 5% BW level was an arbitrary value chosen due to the large variation in WB 181 

replication accuracy8,9,10,12,13,14 reported using scales in the available literature, while the 182 

majority of available research using scales reports accuracy outside 5% of BW.8,9,12,13,14 183 

Assessment was performed using a unidirectional force plate (sampling rate, 500 Hz) embedded 184 

in the center of a 5-m walkway to obtain the peak vertical GRF loads. The vertical load recorded 185 
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for each trial was the highest peak throughout the vertical GRF curve regardless of whether it 186 

occurred at heel strike or push off.  187 

 188 

Patients were initially assessed on their ability to replicate the PWB level (20%, 40%, 60%, or 189 

80% BW) in a static position. Patients were positioned with the affected leg over the force plate 190 

and the unaffected leg next to the force plate on the measuring platform (similar to that 191 

experienced during practice). The patient was asked to load their affected leg up to the 192 

nominated PWB level. A minimum of five practice trials in the static position were performed 193 

initially followed by five data collection trials with an average (± standard deviation) of the peak 194 

vertical loads recorded.  195 

 196 

After these static trials, the patients were assessed on their ability to dynamically replicate the 197 

PWB level during level walking. Patients were asked to ignore the force plate and to walk as 198 

they would normally given their current stage of rehabilitation. The starting point for the patient 199 

was adjusted so they made contact with the center of the force plate without “targeting” and 200 

altering their walking gait. Once this had been achieved, the patient was permitted an additional 201 

two practice attempts for further familiarization that were followed immediately by the data 202 

collection trials. The number of trials for each subject was not standardized; three adequate trials 203 

were required.22 Therefore, repeated efforts were often needed for the patient to strike the center 204 

of the force plate with their affected leg on three occasions without making a conscious attempt 205 

to do so. A visual analog scale was administered to assess knee pain at the time of each 206 

assessment, whereby patients rated the frequency and severity of knee pain on a scale of 0-10  207 
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TABLE 2. Summary of Expected and Actual Weightbearing for Static, Initial Dynamic 208 

Replication and 7-day Retention Conditions Throughout 20%, 40%, 60%, and 80% 209 

Weightbearing Levels 210 

Variable Static Replication Dynamic Replication Dynamic Retention (7-day) 

Number of patients 18 22 43 40 41 22 43 40 41 22 43 40 

Gender (M/W) 12/6 15/7 29/14 25/15 27/13 15/7 29/14 25/15 27/13 15/7 29/14 25/15 

Age (years) 38.3 34.3 37.3 38.6 38.9 34.3 37.3 38.6 38.9 34.3 37.3 38.6 

Body mass (kg) 88.6 77.1 82.2 82.2 82.7 77.1 82.2 82.2 82.7 77.1 82.2 82.2 

VAS frequency (0-10) 2.5 2.5 2.6 2.5 2.5 2.5 2.6 2.5 2.5 2.5 2.5 2.7 

VAS severity (0-10) 2.8 2.5 2.5 2.4 2.8 2.5 2.5 2.4 2.7 2.6 2.5 2.8 

Expected WB (%BW) 20 40 60 80 20 40 60 80 20 40 60 80 

Mean WB (%BW) 32.9 45.4 67.2 79.6 35.8 48.3 71.9 78.8 26.6 44.2 69.9 80.2 

Difference (%BW) +12.9 +5.4 +7.2 -0.4 +15.8 +8.3 +11.9 -1.2 +6.6 +4.2 +9.9 +0.2 

Minimum (%BW) 8.2 11.7 45.9 68.3 8.4 15.3 53.9 61.4 2.8 18 52.5 67.3 

Maximum (%BW) 54.9 81.1 94.4 90.2 71.1 66.6 93.8 94.3 59.7 89.6 93.3 95.6 

M = men; W = women; VAS = visual analog scale; WB = weightbearing; BW = body weight 211 

 212 

Immediately after the last dynamic gait trial, postresponse feedback on all static and dynamic 213 

replication trials for that session was provided to patients that included the maximum weight 214 

produced for each trial undertaken and how far the patient was over or under the designated WB 215 

level. This protocol for dynamic replication was repeated 7 days later in a dynamic WB 216 

retention test. 217 

 218 

GRF data were collected through a custom-written Labview acquisition package (Labview 7.1; 219 

National Instruments Corp, Austin, TX) and processed within Microsoft Excel (Microsoft, 220 

Redmond, WA). The GRF data were first filtered using a low-pass Butterworth filter with a 2.5-221 

Hz cutoff frequency, which was selected using residual analysis and visual inspection.23 The 222 

GRF data were then normalized to 51 data points extending over the stance phase of the gait 223 

cycle. The level of WB exerted by patients in both initial replication (static and dynamic) and 224 
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followup retention trials (dynamic) were then converted and expressed as a percentage of patient 225 

BW (%BW) allowing comparison of actual and prescribed PWB levels.  226 

 227 

A series of independent sample t-tests was initially used to compare expected WB with actual 228 

WB ability immediately after instruction in both static and dynamic conditions, and again 229 

dynamically 7-days later, throughout the selected target levels. Paired sample t-tests were used 230 

to analyze differences in dynamic WB ability immediately after instruction and 7-days later in 231 

the dynamic retention test. To adjust for these multiple comparisons, a Bonferroni correction 232 

was not used because this method is conservative, so statistical significance was determined at p 233 

< 0.017 (ie, 0.05 ÷ 3).24 Furthermore, linear regression was employed to investigate the strength 234 

of the relationship between static and dynamic WB replication error across the various WB 235 

conditions, whilst a Pearson correlation was used to assess the association between the two. The 236 

strength of Pearson correlations were defined as high, moderately high, moderate, low or no 237 

relationship.25 Analysis was performed using SPSS software (version 11.5; SPSS Inc, Chicago, 238 

IL). 239 

 240 

Results 241 

 242 

Despite differing patient numbers between the three WB conditions (static, immediate dynamic 243 

and 7-day dynamic retention), and across all WB levels, the average age and ratio of males to 244 

females was similar between all groups (Table 2). There was no difference in the frequency and 245 

severity of reported knee pain from immediate to 7-day retention testing or throughout the four 246 

different WB conditions (Table 2).  247 
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 248 

The 18 patients who completed initial static WB trials for the 20% BW WB level applied 12.9% 249 

BW more than the expected target, while the 22 patients who completed static WB replication 250 

trials for the 40% BW WB level applied 5.4% BW more than expected (Table 2) (Fig 2). The 43 251 

patients completing static replication trials for the 60% BW WB level also applied 7.2% more 252 

than the expected target (Table 2) (Fig 2), while the 40 patients who completed initial static 253 

replication trials for the 80% BW WB level applied 0.4% less than expected (Table 2) (Fig 2). 254 

At least 58% of patients in each of the four WB conditions failed to maintain initial static WB 255 

within the 5% BW level, while no patient was within the 5% BW level for the 20% BW WB 256 

condition (Table 3). At least 51% of patients in the 20%, 40%, and 60% BW WB trials failed to 257 

maintain static WB within 10% of BW (Table 3).  258 

 259 

TABLE 3. The Percentage of Patients Within the +5% and +10% BW Limits for Static, 260 

Initial Dynamic Replication and 7-day Retention Conditions Across the 20%, 40%, 60%, 261 

and 80% Weightbearing Levels 262 

 263 
 20% WB 40% WB 60% WB 80% WB 

WB replication task  
Within 

+5% BW 
Within  

+10% BW 
Within 

+5% BW 
Within  

+10% BW 

Within 
+5% 
BW 

Within  
+10% BW 

Within 
+5% 
BW 

Within  
+10% BW 

Static replication 0% 28% 23% 36% 30% 49% 42% 83% 

Dynamic replication 22% 32% 32% 36% 26% 42% 46% 60% 

Dynamic retention (7-day) 29% 66% 38% 62% 29% 53% 61% 89% 

BW = body weight; WB = weightbearing 264 

 265 

 266 

 267 

 268 
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Fig. 2 269 
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 270 

The 41 patients who completed initial dynamic WB trials for the 20% BW WB level applied 271 

15.8% BW more than the expected target during gait, while the 22 patients who completed 272 

initial dynamic WB trials for the 40% BW WB level applied 8.3% BW more than expected 273 

(Table 2) (Fig 3). The 43 patients completing initial dynamic trials for the 60% BW WB level 274 

also applied 11.9% BW more than the expected target, while the 40 patients who completed 275 

initial dynamic replication trials for the 80% BW WB level applied 1.2% BW less than the 276 

expected target (Table 2) (Fig 3). At least 54% of patients in each of the four WB conditions 277 

failed to maintain initial dynamic WB within the 5% BW level (Table 3), while at least 58% of 278 

patients failed to maintain dynamic WB within 10% of BW for the 20%, 40%, and 60% BW 279 

WB trials (Table 3).  280 

 281 

 282 
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Fig 3. 283 
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 284 

For the 7-day dynamic retention trials, patients exerted 6.6%, 4.2%, 9.9% and 0.2% BW more 285 

than expected for the 20%, 40%, 60% and 80% BW WB trials, respectively (Table 2) (Fig 3). At 286 

least 62% of patients within each of the 20%, 40%, and 60% BW WB conditions failed to 287 

maintain 7-day dynamic retention within 5% of BW, while at least 53% of patients within all 288 

four WB conditions were within 10% BW for the 7-day retention trials (Table 3).  289 

 290 

There was a significant improvement (p = 0.004) in WB accuracy from initial to 7-day dynamic 291 

WB replication within the 20% BW WB trials, but we observed no differences across the 40%, 292 

60%, and 80% BW WB conditions (Fig 3). Patient numbers in the 40% BW WB level were 293 

below our priori patient sample calculation of 26 (Table 2).  294 

 295 
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Pearson correlations between static and dynamic WB replication error revealed a moderately 296 

high relationship between replication errors in both static and dynamic conditions across all WB 297 

conditions (y = 0.70x + 2.54, r = 0.74), whereas a high relationship was observed within the 298 

20% (y = 0.88x + 1.12, r = 0.94) and 40% (y = 0.73x + 2.79, r = 0.85) BW WB levels alone (Fig 299 

4). 300 

 301 

Fig 4. 302 
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 304 

Discussion 305 

 306 

A specific PWB program plays an essential role in providing both a protective and progressive 307 

stimulus to developing chondrocytes after ACI.26 It is therefore important for patients to closely 308 
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replicate these graduated WB programs so under- or overstimulation of the graft at any stage 309 

throughout the postoperative timeline does not occur, possibly hampering the attainment of best-310 

quality tissue repair. Instruction and practice using a set of scales is a common and practical 311 

method of imposing these WB restrictions during walking.5,8,11 However, differing success has 312 

been reported with the use of this technique,8,9,10,12,13,14,17 the majority of the available literature 313 

revealing replication of WB using scales outside 5% of BW.8,9,12,13,14 Although this method has 314 

undergone trials in unaffected subjects8,9,10,11,12,13,17,18 and patients after other orthopaedic 315 

procedures,7,9,18 it has not been investigated in postoperative patients having undergone ACI in 316 

which replication of WB may be crucial to the protection, and development of repair tissue. 317 

Therefore, we sought to investigate whether patients undergoing ACI could replicate a series of 318 

nominated WB levels encountered throughout their postoperative WB rehabilitation program. 319 

 320 

Although a graduated WB program is believed to provide protection and progressive stimulation 321 

to the developing chondrocytes after ACI, optimal protocols have yet to be established. For this 322 

reason, the result of patients’ inability to replicate desired WB levels on the short- and long-term 323 

outcome of repair tissue after ACI is unknown. Our study did not address the biological 324 

outcome of repair tissue after under- or overloading of external WB throughout the 325 

postoperative program but rather the patient’s ability to replicate these WB restrictions. 326 

Furthermore, we acknowledge that more time spent practicing PWB may prove beneficial in 327 

accuracy of replication during gait. However, the level of instruction and practice performed in 328 

the current study indicates that which may be routinely provided, whereas anything more may 329 

not be practical in a clinical setting. 330 

 331 
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Our first hypothesis that patients were unable to replicate 20% (32.9% BW), 40% (45.4% BW), 332 

and 60% (67.2% BW) BW WB restrictions statically within 5% of BW immediately after 333 

practice and instruction using static loading was supported. Despite the overall mean for the 334 

static 80% BW WB condition being within 5% BW (79.6% BW), 58% of patients were still 335 

outside this limit, whereas 100% of patients who performed loading at the 20% level were 336 

outside the predicted 5% BW limit (Table 3). Accurate replication ability during the 20% BW 337 

WB stages following ACI are of particular importance, since they generally correspond with 338 

more crucial, earlier postoperative time points and, therefore, more potential for graft de-339 

lamination. The inaccuracy reported is in contrast to Malviya et al10 who demonstrated good 340 

static replication of a 25% BW WB restriction; however, only healthy, unaffected subjects were 341 

used. 342 

 343 

Similar to the static WB condition, patients were unable to replicate loads of 20% BW (35.8% 344 

BW) during walking immediately after instruction (Table 2) (Fig 3), with 78% of patients 345 

outside the 5% BW limit (Table 2). These findings were similar to those reported in the 346 

literature,9,14 whereby Dabke et al9 reported 21 of 23 patients, after a range of orthopaedic 347 

procedures, exerted a mean of 35.3% BW more than prescribed (20%-40% WB restriction) 348 

using the bathroom scale method. This inability to replicate low levels of WB has also been 349 

observed in patients following total hip arthroplasty7 and surgical intervention to address lower 350 

limb fractures.19 Patients failed to replicate WB levels of 40% (48.3% BW) and 60% (71.9% 351 

BW) BW during walking immediately after instruction (Fig 3). This finding is in contrast to 352 

Youdas et al12 who demonstrated good reproducibility of 50% PWB during walking in 353 

unaffected subjects using axillary and forearm walking aids after training on bathroom scales, 354 
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however, only a small sample of healthy participants was used. In the current study, patients 355 

were accurate in replicating loads of 80% BW (78.8% BW) during gait possibly since 80% BW 356 

WB is close to full WB. Therefore, although WB accuracy during walking was within the 5% 357 

BW target cutoff for the 80% BW WB level, our second hypothesis was supported for the 20%, 358 

40%, and 60% BW WB conditions. 359 

 360 

Furthermore, patients failed to replicate WB levels of 20% (26.6% BW) and 60% (69.9% BW) 361 

BW during 7-day dynamic retention trials (Fig 3), which is again in contrast to previous 362 

findings.12 In the current study, patients were accurate in replicating loads of 40% (44.2% BW) 363 

and 80% BW (80.2% BW) during walking in the 7-day retention condition. Therefore, although 364 

WB accuracy during walking was within the 5% BW target cutoff for the 40% and 80% BW 365 

WB levels, our third hypothesis was supported for the 20% and 60% BW WB conditions. 366 

Again, since the 20% BW WB condition corresponds with earlier and, therefore, more crucial 367 

postoperative time points accurate replication ability should be of particular importance. It is yet 368 

unknown how overloading of the graft in the early stages (as was the case in the study) may 369 

affect long term graft development. 370 

 371 

Static WB practice using the bathroom scale method does not replicate the situation experienced 372 

during dynamic WB gait.8 Dynamic gait introduces outside influences in addition to BW such as 373 

acceleration of the body and limbs. In addition, to simulate a walking surface, the measuring 374 

device must lie in the same plane as the walking surface. If not, the relative length of limbs and 375 

ambulatory aids changes.8 An attempt was made to overcome this issue by allowing the patient 376 

to support their nonaffected leg on a platform the same height as the scales (Fig 1). Furthermore, 377 



 23

it must be acknowledged that the number of walking aids employed varied depending on the 378 

level of WB restriction imposed as per the patients’ rehabilitation program (ie, two crutches for 379 

20% and 40% BW WB, and one crutch for 60% and 80% BW WB). Although the purpose of 380 

this study was to investigate WB ability given the designated WB protocols, rather than the 381 

effect that ‘type’ and ‘number’ of assistive devices has on WB ability, this may still influence 382 

the ability to weightbear between these different WB conditions. 383 

 384 

Although age has been shown to affect WB accuracy,19 the average age, and ratio of males to 385 

females was similar between the different WB conditions, and across all WB levels. Therefore, 386 

the influence these factors had on WB accuracy differences between groups should have been 387 

negligible. Other factors that are often present in the postoperative patient having undergone 388 

ACI such as pain,9 reduced power,20 an altered mental state and fragility after the operative 389 

procedure may also affect PWB ability. Therefore, the influence each of these factors will have 390 

on the ability to follow WB restrictions will depend on the individual patient’s physical and 391 

emotional strength, analgesic use, and tolerance to pain as well as the progression of pathologic 392 

parameters (ie, pain and joint effusion) throughout the early postoperative timeline. Knee joint 393 

effusion was not assessed in this study and may have contributed to differences in WB ability, 394 

particularly in the early post-operative stages. However, knee pain before each trial was 395 

recorded and was constant from immediate replication to 7-day retention assessments and across 396 

all WB conditions (Table 2). Therefore, the influence knee pain had on the observed differences 397 

in WB accuracy across WB conditions should have been negligible. 398 

 399 
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There was no improvement in WB accuracy during walking between immediate and 7-day 400 

retention replication for the 40%, 60%, and 80% BW WB conditions, which supported our 401 

fourth hypothesis. However, patient numbers in the 40% BW WB level were below our priori 402 

patient sample calculation of 26, indicating the sample may not have been substantial in 403 

detecting significant changes. We observed an improvement for the 20% BW WB trials (Fig 3). 404 

Previous studies suggest the effect of training in PWB may be limited whereby learning 405 

diminishes rapidly 1 to 2 days posttraining;13,17 however, some form of postresponse feedback 406 

may improve long-term learning.11 The improvement in WB accuracy observed across the 7-day 407 

period for the 20% BW WB condition suggests a quick and simple analysis of patient WB 408 

(feedback) after practice trials may be beneficial in improving WB ability over 7 days, at least at 409 

low WB loads around 20% BW. 410 

 411 

A moderately high relationship was observed between static and dynamic replication error 412 

across all WB conditions, whereas this association was high within 20% and 40% BW WB 413 

conditions (Fig 4), supporting our fifth hypothesis. This relationship observed between static 414 

and dynamic replication error suggests training should target those who have large static WB 415 

replication errors, particularly at low WB loads. Furthermore, the ability of patients to replicate 416 

the WB levels revealed low accuracy in replicating the lowest level target (20% BW) and better 417 

performance at the highest load (80% BW). Although these findings are both similar7,9,18,19 and 418 

in contrast10,12 to those reported previously, it does suggest more emphasis should be placed on 419 

training the lower PWB levels.  420 

 421 

 422 
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Conclusions 423 

 424 

Patients undergoing ACI were unable to replicate static and dynamic WB restrictions of 20%, 425 

40%, and 60% BW within 5% of BW after practice and instruction using the bathroom scale 426 

technique. These results are both comparable and in contrast to those reported in the literature; 427 

however, research has focused on unaffected subjects8,9,10,11,12,13,17,18 and patients with other 428 

orthopaedic procedures.7,9,19 Patients were accurate in replication of the high WB loads (ie, 80% 429 

BW) whilst inaccurate during the low WB loads (ie, 20% BW). This early stage corresponds 430 

with a more crucial point in the post-operative timeline, and for this reason more emphasis 431 

should be placed on training these lower WB levels. Furthermore, patients who demonstrated 432 

greater static replication error displayed greater replication error during gait and, therefore, 433 

should the rehabilitation facility not have easy access to a dynamic force platform, the patient 434 

may marginally benefit from extra time spent practicing static PWB on a set of bathroom scales. 435 

These findings can be used to improve WB instruction protocols and patient accuracy 436 

throughout rehabilitation after other lower limb orthopaedic procedures when WB restrictions 437 

should be followed. Furthermore, future research should be directed at how WB inaccuracy (and 438 

in particular overloading), especially in the crucial early stages following ACI, as well as how 439 

differing post-operative WB protocols may affect long-term graft development.440 
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Legends 

 

Fig 1. With this load-bearing practice condition, the patient learns a new partial weightbearing 

level on a set of scales to replicate that weight during walking. 

 

Fig 2. Although static replication of weightbearing (WB) was only significantly greater 

(p<0.017) than expected for the 20% and 60% body weight (BW) WB conditions, patients 

exerted more than 5% BW over the expected target for the 20%, 40% and 60% BW WB trials. 

Patients were within 5% BW for the 80% BW WB static condition. 

 

Fig 3. Immediate dynamic replication of weightbearing (WB) was significantly greater 

(p<0.017), and more than 5% BW over the expected target for 20%, 40% and 60% body weight 

(BW) WB trials, while dynamic replication was within 5% BW for the 80% BW WB condition. 

Dynamic replication of WB improved (p<0.017) over a 7-day retest period for the 20% BW WB 

level only. 

 

Fig 4. Pearson correlations showed patients who were poor at replicating WB restrictions 

statically were also poor at replication during gait, indicated by a moderately high relationship 

(y = 0.70x + 2.54, r = 0.74) between static and dynamic weightbearing (WB) replication error 

across all WB conditions (difference in expected and actual WB expressed as a percentage of 

body weight [BW]). A high relationship existed within the 20% (y = 0.88x + 1.12, r = 0.94) and 

40% (y = 0.73x + 2.79, r = 0.85) BW WB levels.  

 


