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Abstract
Purpose Total Knee Arthroplasty (TKA) procedures incorporate technology in an attempt to improve outcomes. The Active 
Robot (ARo) performs a TKA with automated resections of the tibia and femur in efforts to optimize bone cuts. Evaluating the 
Learning Curve (LC) is essential with a novel tool. The purpose of this study was to assess the associated LC of ARo for TKA.
Methods A multi-center prospective FDA cohort study was conducted from 2017 to 2018 including 115 patients that under-
went ARo. Surgical time of the ARo was defined as Operative time (OT), segmented as surgeon-dependent time (patient 
preparation and registration) and surgeon-independent time (autonomous bone resection by the ARo). An average LC for 
all surgeons was computed. Complication rates and patient-reported outcome (PRO) scores were recorded and examined to 
evaluate for any LC trends in these patient related factors.
Results The OT for the cases 10–12 were significantly quicker than the OT time of cases 1–3 (p < 0.028), at 36.5 ± 7.4 
down from 49.1 ± 17 min. CUSUM and confidence interval analysis of the surgeon-dependent time showed different LCs 
for each surgeon, ranging from 12 to 19 cases. There was no difference in device related complications or PRO scores over 
the study timeframe.
Conclusion Active Robotic total knee arthroplasty is associated with a short learning curve of 10–20 cases. The learning 
curve was associated with the surgical time dedicated to the robotic specific portion of the case. There was no learning 
curve-associated device-related complications, three-dimensional component position, or patient-reported outcome scores.
Level of evidence Level II.
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Introduction

Primary TKA is a cost-effective treatment for patients with 
symptomatic end-stage knee osteoarthritis (OA). Robotics 
for TKA streamline the procedure, reduce instrumentation, 
and enhance bone cuts and component alignment—ulti-
mately striving to improve clinical results and implant dura-
bility [19, 22]. Ingress of robotic technology in the operating 
room challenges surgeons to adopt new technology into their 
customized surgical techniques, learn system controls, adjust 
to automated processes, and methodically plan surgical treat-
ment. The juncture of implementing novel devices raises 
concerns for operative time, surgical complications, and 
associated patient-related outcome (PRO) scores [12, 15].

Current robotic technology allows for variations in meth-
odologies of execution resulting in three unique platforms: 
passive, semi-active, and active [12]. Jacofsky et al. dis-
cussed the limitations of robotic systems: they require a 
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significant amount of education for surgeons to optimize 
safety and usefulness [12]. Learning curve (LC) studies on 
new technology revealed a range of 10–20 cases to achieve 
proficiency. The robotic-arm assisted technology, MAKO, 
revealed a learning curve of seven cases [14, 15, 17]. How-
ever, literature is scarce regarding the integration of active 
robotic systems for the modern surgeon. It is necessary to 
discuss the pioneer of active robotic surgical systems, the 
TSolution One Total Knee Application (THINK Surgical 
Inc., Fremont, CA). Designed as computed tomography (CT) 
based open-implant platform capable of performing auto-
mated femoral and tibial resections with its Active Robotic 
TKA (ARo) component under surgeon supervision [12, 18]. 
Early results of the technology revealed radiological out-
comes to have a statistically significant reduction of mala-
lignment compared to conventional instruments, 43–32%, 
respectively [23]. Encouraging results regarding safety and 
effectiveness require discussion of the associated LC. The 
purpose of the study was to assess operative times, evalu-
ation of complication rates, and effects on PRO scores. No 
specific hypothesis is necessary to assess the LC of ARo.

Methods

Institutional review board (IRB) approval was obtained to 
conduct a multi-center, prospective, non-randomized US 
investigational device exemption clinical trial to evaluate the 
safety and effectiveness of robotic-assisted TKA using the 
TSolution One Total Knee Application (THINK Surgical).

This prospective FDA cohort study included 115 patients 
with symptomatic osteoarthritis undergoing primary TKA 
between 2017 and 2018. Appropriate sample size determina-
tion was done for safety and effectiveness outcomes, it was 
determined to be unnecessary for assessment of the LC. All 
patients who underwent ARo within the context of learning 
curve assessments had their TKA performed by four differ-
ent fellowship-trained adult reconstruction surgeons (YDK, 
BNS, SK, WJL). All four surgeons had at least 10 years of 
experience in adult reconstructive surgery. A total of nine 
patients had their ARo performed by four other surgeons—
but given the limited amount of cases performed by each sur-
geon, these cases were not included in this study. Inclusion 
criteria included the following: patients above 21 years of 
age, radiographic osteoarthritis diagnosed as Kellgren–Law-
rence Grade of 3 or higher. Exclusion criteria included the 
following: previous open knee surgery in the operative knee, 
BMI > 40 kg/m2, candidate for bilateral TKA, active or prior 
history of joint infection, presence of hardware in the ipsi-
lateral lower extremity. To provide adequate stability for 
femoral and tibial fixation, there was an exclusion criteria 
for patients with osteoporosis, and no patients enrolled in 

the study met this exclusion criteria. There was no upper 
age limit.

The open-implant platform of the device was able to 
accommodate three different implants in the study. Sixty-
nine patients were implanted with Zimmer-Biomet Persona 
PS (69), while Forty-six patients were implanted with Corin 
Unity CR (43) or PS (3) implants. The patella was resurfaced 
in all patients.

ARo surgical times were collected at different stages of 
the surgery when the autonomous robot was present in the 
surgical field. The ARo operative time (OT) was defined as 
the time from patient preparation to the end of bone resec-
tion, further segemented to a surgeon-dependent time (i.e. 
from patient positioning, fixation of device, installation of 
pins, registration with probes) and a surgeon-independent 
time (i.e. automated bone resection performed by the ARo).

To determine the LC of the ARo, OT data from all sur-
geons were combined sequentially in groups of three surger-
ies. Student’s t-test was used to assess if there was statisti-
cally significant difference between the first three surgeries 
and the following groups of three surgeries. Statistical sig-
nificance was set at p ≤ 0.05 for all statistical tests. Next, 
the LC for each individual surgeon was computed for the 
surgeon-dependent time. Since a variety of analysis have 
been used in literature to determine the LC for robotic sys-
tems in orthopedics, two alternative analyses were used to 
compute the LC for individual surgeons. First, cumulative 
summation (CUSUM) sequential analysis was used to assess 
the initial and proficiency phases of the LC for each indi-
vidual surgeon. CUSUM plots were calculated as a running 
total of the difference between the case time at each point 
and the overall average case time for each surgeon. Second, 
the LC was determined as the number of surgeries required 
to have two consecutive surgeries completed within 95% 
confidence interval of the steady-state surgical time. The 
steady-state surgical time was computed as the average time 
of the last five cases of each surgeon.

Complications were recorded and evaluated as related 
to the active robot and/or the general TKA procedure. Pre-
operative, 6-week, 3-month, 6-month and 1-year, patient-
reported outcome (PRO) scores available for the study 
included the following: Knee Society Score (KSS) Func-
tional Score, Objective Score, Patient Expectations and 
Satisfaction Score and Short-Form 12 (SF-12) Mental and 
Physical Composite Scores. Statistical analyses were per-
formed using nqueryAdvisor 7.0 (Los Angeles, CA).

Results

115 patients were enrolled in the study with a mean age of 
65.9 years (± 8.3). Demographics of patients can be found 
in Table 1. Complete surgical data along with baseline KSS 
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and SF-12 scores were only available for 107/115 (93%)—
and thus results from our analysis only included this cohort 
of 107 patients.

Figure  1 reveals the mean OT for entire cohort was 
37.9 ± 11.3 min. Results from our analysis demonstrated a 
statistically significant decrease in OT from first three cases 
to cases 10–12 (49.1 ± 17 min vs 36.5 ± 7.4 min; p < 0.028). 
Figure 2 demonstrates the surgeon-dependent time to have 
a statistically significant (p < 0.014) decrease of 10 min 
between cases 1–3 and cases 13–15. Automated robotic cut-
ting time did not demonstrate any associated LC through-
out the study. Complete surgical data, including skin-to-skin 
surgical time, can be found in Table 2. No learning curve 
was observed regarding coronal alignment in patients. Cases 
1–3 and 16–18 had a mean and standard deviation error of 
0.3 ± 2.2° and 0.3 ± 2.7°, respectively (p = 0.999). Malalign-
ment was defined as ± 3° difference in varus-valgus from 
the planned HKA. Radiological outcomes revealed a 43% 

reduction of malalignment compared to the 32% malalign-
ment rate for conventional instruments.

CUSUM analysis for the surgeon-dependent surgical time 
showed a different LC for each surgeon (Fig. 3). Phase 1 is 
the initial learning phase, then progressing to Phase 2 as the 
proficiency phase. Specifically, Surgeon 1 is noted to have 
no clear LC. A t-test did not find any significant difference 
between cases. CUSUM for Surgeon 2 and 3 revealed an 
initial learning phase of 12 cases (p = 0.035) and 16 cases 
(p < 0.001). Surgeon 4 revealed an initial learning phase of 
19 cases. (p = 0.0081). Analysis based on confidence inter-
vals for surgeon-dependent surgical time confirmed the find-
ings from the CUSUM analysis, with LC of 12, 16, and 19 
cases, respectively, for Surgeon 2, Surgeon 3, and Surgeon 
4, with no discernable LC for Surgeon 1.

Complete analysis of PRO scores at all time-points can be 
found in Fig. 4. Analysis of PRO scores demonstrated signif-
icant improvements from preoperative values. The 12-month 
follow-up KSS scores for Functional, Objective, Patient 
Expectations and Satisfaction revealed a significant differ-
ence (p < 0.001) from their respective preoperative scores. 
SF-12 Physical Composite scores also revealed a significant 
difference between the preoperative and 12-month follow-
up (p < 0.0001). The PRO scores for each surgeon during 
and after their individual LC revealed no significant differ-
ence—indicating that patient outcomes were not affected by 
surgeon learning curve. For surgeons 2, 3. and 4, unpaired 
t-tests were performed comparing within LC and post-LC 
PROM deltas (postoperative score minus preoperative score) 
at each follow-up period. Surgeon 1 was excluded because 
they did not have a discernible LC. Table 3 shows the t-test 

Table 1  Baseline demographics

All patients n Mean SD

Age at surgery (yrs) 115 65.9 8.3
BMI (k/m2) 115 30.7 4.7
Demographics—Male
 Age at surgery (yrs) 58 65.9 7.2
 BMI (k/m2) 58 30.6 4.4

Demographics—Female
 Age at surgery (yrs) 57 66.0 9.4
 BMI (k/m2) 57 30.8 5.0

Fig. 1  Operative time over 
course of study
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p values, as well as the mean and confidence interval values. 
All t-test p values were above 0.05, indicating that there 
were no significant difference between PROMs within and 
post-LC. Some patients did not have PRO values, due to lost 
to follow-up or patient did not reconsent.

Analysis of complications demonstrated only one defini-
tive device-related complication (metallic tack left within 
the distal femur) that occurred in a single patient. Other-
wise, no traditional TKA device-related complications such 
as medial or lateral collateral ligament injuries, extensor 
mechanism disruptions, neurologic or vascular deficits, 
periprosthetic fractures, patellofemoral or tibiofemoral dis-
locations occurred. Additionally, no patients underwent revi-
sion surgery. Similar to PRO score analysis, we also found 
that there was no statistically significant association between 
complication rate and individual surgeon LC: despite sur-
geons adapting to technology during their initial cases, 
no significant increase in adverse events was sustained by 
patients. A complete list of TKA-related complications can 
be found in Table 4. with the most common being excessive/
unexpected postoperative swelling and pain.

Of the 115 patients enrolled into the study, eight patients 
were switched to conventional instrumentation: three prior 
to any cutting, three after the femur had been cut but prior 
to any tibia cuts, and two after the femur had been cut and 
the tibia was partially cut. Patients were switched to conven-
tional instrumentation by surgeon’s discretion, as well did 
not sustain injury during the shift.

Discussion

The most important finding from our FDA case series dem-
onstrate ease of implementation of ARo technology amongst 
surgeons and excellent safety profile with only one definitive 
device-related complication. The patient with the metallic 
tack retained in distal femur was immediately made aware 
and elected not to return to operating room due to being 
asymptomatic and otherwise satisfied with their Aro TKA. 
The first important finding of this study is that OT of ARo 
significantly decreases after ten cases and that this LC was 
including the surgeon-dependent and surgeon-independent 
portions of the case involving exposure, pin placement, robot 
fixation and bone registration, and bone cutting. A second 
important finding is that the CUSUM analysis for the sur-
geon-dependent surgical time showed variable results with 
LC for each surgeon ranging from 12 to 20 cases. A final 
important finding is that there was no LC associated with 
PRO scores or device-related complications, thus highlight-
ing an excellent safety profile that can be applied almost 
immediately to patients.

The importance of determining a learning curve for a par-
ticular surgery, implant, or technique is of paramount impor-
tance [10]. Learning curves indicate ease of adoptability of 

Fig. 2  Surgeon-dependent time 
over course of study

Table 2  Operative data

N = 107 (all values in minutes) Mean SD

Incision time 6.9 6.7
Patient preparation time 12.1 7.2
Total femur cutting time 8.5 4.5
Total tibia cutting time 6.6 4.4
Total registration time 10.9 4.9
Total surgical time (difference between inci-

sion start and close time)
136.8 25.1
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a new technology or surgery and suggest the number of rep-
etitions it may require for a surgeon to become facile with 
that particular aspect of a procedure. Additionally, and per-
haps more importantly, they can provide a quantitative and 
qualitative analysis of complications that may be incurred 
upon patients during the learning period [7, 9]. Surgeons 
can use the data provided from learning curve studies and 
perform their own risks vs benefit analysis to determine 
whether implementation of a particular method/technology 
is appropriate in their practice.

As surgical technology available to surgeons continues 
to be developed and marketed, orthopaedic surgeons have 
trended towards increased rates of adoption [5]. Analysis of 
data suggested a nearly threefold increase in implementation 
of technology in TKA between 2008 and 2015 (4.3–11.6%; 
p < 0.001) [2]. Proponents of computer-assisted TKA cite 
the ability to “provide real time intraoperative information 
on limb alignment and exact flexion/extension gap measure-
ments.”[21] Other authors have reported that robotic-assisted 
TKA results in greater patient satisfaction and higher KSS 
scores at 6 weeks and 1 year postoperatively [21]. Simi-
lar to these prior literature reports, results from our series 
also demonstrated that PRO scores significantly improved 
postoperatively as compared to preoperative scores. Mean 

improvement of KSS score for our cohort was 42.8 at 1 year, 
with final KSS score of 82.7, similar to previously published 
values for robotic-assisted TKA cohorts (KSS 85 at 1 year) 
[21]. Our 1-year improvements in SF-12 Mental and Physi-
cal composite scores of 57.8 and 48.6, respectively, are in 
line with previously published data on robotic-assisted TKA 
reported long-term SF-12 Mental and Physical composite 
scores of 56.5 and 47.5, respectively [13]. In addition to 
demonstrating this improvement during sequential patient 
follow-ups, an important finding in our data was that LC 
was not associated with differences in PRO scores or device-
related complications as the trial progressed, suggesting 
that although surgeons may have taken longer to complete 
initial cases during their LC, this did not negatively affect 
patients. These data may allow surgeons to feel confident 
that their individual LCs will not have an adverse effect on 
their patients, and these data can be used during pre-oper-
ative counseling to reassure patients of the safety profile of 
ARo. This LC is also distinctly different from the adoption 
of other techniques in joint replacements such as the anterior 
approach to total hip arthroplasty, where patients should be 
counselled on complications during the surgeon’s LC such 
as intraoperative fractures, dislocations, and lateral femoral 
cutaneous nerve palsies [1, 6, 11]. To our knowledge, there 

Fig. 3  a–d CUSUM plots for 
each of the four surgeons. The 
orange dotted line indicates the 
end of the learning phase (i.e. 
phase 1) and the start of the 
proficiency phase (i.e. phase 
2). a Surgeon 1. b Surgeon 2. c 
Surgeon 3. d Surgeon 4
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is a paucity of data on robotic TKA systems such as ARo 
which perform autonomous cuts, and at present the literature 
is limited to series describing surgeon-directed cuts within a 
robotic assisted platform [15, 16].

Results from our data demonstrate a short learning curve 
of less than 20 cases with only the robot-specific (surgeon-
dependent) aspects of TKA, but not with the remainder of 
the procedure. We believe that the learning curve likely 
depends on each surgeon’s previous experience and exper-
tise level in general related to navigation/robotics in surgery. 
Indeed – results from our analysis demonstrate that Surgeon 
One did not demonstrate a clear LC—and it is worth not-
ing that this surgeon reported prior use of robot for THA 
and also utilization of navigation-assisted TKA for 15 years 
prior to this study. Besides the experience of the surgeon 
with computer-assisted technology, another possible expla-
nation for the absence of a learning curve for surgeon 1 is 
that the level of training on the study and on the technology 
improved from the first initiated site to the following sites, as 

reasonably expected with an emerging technology. Indeed, 
the surgeon with no clear learning curve was the first site 
started in the study. Increased popularity and greater sur-
geon training with ARo will likely result in an even shorter 
LC and further advancement of current technology. Further-
more—we believe that the current landscape of ***ortho-
paedic surgical education is exposing future surgeons to 
greater rates of technology [3, 4, 20], which could result 
in even shorter learning curves for junior surgeons wishing 
to adopt ARo. Learning curve studies of surgical guidance 
systems have shown encouraging results for technological 
innovation into the surgical field. Other papers have found 
learning curves of 7, 7, and 40 cases for skin to skin times 
using Mako, OMNIBotics, and NAVIO robotic systems 
respectively for TKA [14, 15, 17]. Another paper on the 
NAVIO system found a learning curve of 12 cases for the 
steps of registration of bony surfaces, the digital reconstruc-
tion, intraoperative planning and bone resection [8]. A com-
parable study on MAKO revealed a wider LC range of 11–43 

Fig. 3  (continued)
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cases for operative time. The study revealed similar results 
of no LC associated with the component alignment [24].

However, learning curves of guidance systems cannot be 
directly compared to the results of an autonomous robotic 
system. The present study has ARO surgical times measured 
differently and show that robotic TKA has a somewhat vari-
able learning curve which probably is surgeon-dependent 
and for the most part within 20 cases.

Limitations of our study at this time was that we did not 
have a control group. Focus of the study was on the learning 
curve associated with the adoption of an active robotic sys-
tem, rather than outcomes. Unbiased multicenter outcome 
studies are necessary and should be performed in the future 
to evaluate clinical results. Another weakness in the study 
is the limited number of surgeons that participated in the 

FDA case series. Due to this limitation, wide variations in 
LC could be seen.

We feel that our findings are particularly relevant with the 
advent of widely available technologies available to surgeons 
in the operating room and provides a baseline with which to 
determine a safe, efficacious learning curve.

Conclusion

Active Robotic total knee arthroplasty is associated with a 
short learning curve of 10–20 cases. The learning curve was 
associated with the surgical time dedicated to the robotic 
specific portion of the case. There was no learning curve 
associated device-related complications, three dimensional 
component position, or patient reported outcome scores.

Fig. 4  Patient Reported Outcome (PRO) scores over period of study
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Table 3  Patient reported outcomes for each surgeon related to learning curve

Surgeon 2 (LC = 12) t-test 
comparing 
within and 
post-LC

Surgeon 3 (LC = 16) t-test 
comparing 
within and 
post-LC

Surgeon 4 (LC = 19)

95% CI 
Within LC

95% CI 
Post-LC

95% CI 
Within LC

95% CI 
Post-LC

95% CI 
Within LC

95% CI 
Post- LC

t-test 
comparing 
within and 
post-LC

KSS 
Functional 
6 Week 
Delta

15.3 ± 8.4 1.3 ± 10.9 n.s 25.2 ± 10.5 21.4 ± 9.3 n.s 12 ± 8.2 0.3 ± 15 n.s

KSS Func-
tional 3 
Month 
Delta

31.6 ± 11.4 15.5 ± 14.8 n.s 37.4 ± 10 33.6 ± 8.6 n.s 22.4 ± 8.4 10 ± 15.6 n.s

KSS Func-
tional 6 
Month 
Delta

35.3 ± 14.7 24.3 ± 11.6 n.s 42.5 ± 10.2 43.3 ± 8 n.s 30.3 ± 6.8 15.7 ± 14.7 n.s

KSS Func-
tional 12 
Month 
Delta

45.8 ± 11.6 N/A N/A 53 ± 8.5 48.8 ± 13.2 n.s 34.9 ± 8 N/A N/A

KSS Objec-
tive 6 
Week 
Delta

27.8 ± 15.9 44.6 ± 12.8 n.s 35.2 ± 10.7 38.9 ± 8 n.s 47.3 ± 3.7 46.5 ± 4.8 n.s

KSS Objec-
tive 3 
Month 
Delta

36.7 ± 13 51.5 ± 13.1 n.s 42.4 ± 10.8 45.5 ± 8.9 n.s 49.5 ± 3.7 48.2 ± 6.3 n.s

KSS Objec-
tive 6 
Month 
Delta

35.9 ± 14.7 53.4 ± 13.2 n.s 43.9 ± 12.3 47.4 ± 8.1 n.s 52.1 ± 3.3 48.7 ± 7.2 n.s

KSS Objec-
tive 12 
Month 
Delta

45.7 ± 11.3 N/A N/A 47.5 ± 10.6 54.4 ± 12.8 n.s 51.5 ± 3.3 N/A N/A

KSS Patient 
Expecta-
tions 6 
Week 
Delta

− 5.3 ± 2 − 5.1 ± 2.7 n.s − 5 ± 1.5 − 4.2 ± 1.5 n.s − 4.6 ± 1.3 − 5.5 ± 3.2 n.s

KSS Patient 
Expecta-
tions 3 
Month 
Delta

− 3.8 ± 1.9 − 4.3 ± 2 n.s − 4.3 ± 1.3 − 3.6 ± 1.6 n.s − 5 ± 1.4 − 6.3 ± 2.4 n.s

KSS Patient 
Expecta-
tions 6 
Month 
Delta

− 4.7 ± 2.3 − 5.3 ± 1.8 n.s − 3.7 ± 1.8 − 3.4 ± 1.4 n.s − 4.1 ± 1.5 − 5 ± 3.3 n.s

KSS Patient 
Expecta-
tions 12 
Month 
Delta

− 2.5 ± 1.6 N/A N/A − 2.4 ± 1.5 − 2.9 ± 2 n.s − 3.9 ± 1.2 N/A N/A



2674 Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:2666–2676

1 3

Table 3  (continued)

Surgeon 2 (LC = 12) t-test 
comparing 
within and 
post-LC

Surgeon 3 (LC = 16) t-test 
comparing 
within and 
post-LC

Surgeon 4 (LC = 19)

95% CI 
Within LC

95% CI 
Post-LC

95% CI 
Within LC

95% CI 
Post-LC

95% CI 
Within LC

95% CI 
Post- LC

t-test 
comparing 
within and 
post-LC

KSS Patient 
Satisfac-
tion 6 
Week 
Delta

10.5 ± 5 4 ± 7.1 n.s 13.1 ± 5 15.6 ± 4.2 n.s 13.8 ± 4 14.7 ± 7.7 n.s

KSS Patient 
Satisfac-
tion 3 
Month 
Delta

15.3 ± 4.8 12.3 ± 4.9 n.s 19.3 ± 4.6 19.3 ± 3.9 n.s 16.3 ± 5.3 14.3 ± 7.2 n.s

KSS Patient 
Satisfac-
tion 6 
Month 
Delta

16.5 ± 7.4 12.3 ± 4.6 n.s 18.7 ± 5 20.8 ± 3.4 n.s 19.4 ± 4.4 13.7 ± 7.1 n.s

KSS Patient 
Satisfac-
tion 12 
Month 
Delta

22.2 ± 6.3 N/A N/A 21.8 ± 4.6 21.3 ± 4 n.s 20.9 ± 5.8 N/A N/A

SF-12 
Mental 
Composite 
6 Week 
Delta

− 2.2 ± 7 − 6.5 ± 8 n.s − 1.1 ± 5.2 2.1 ± 5.1 n.s − 0.3 ± 4.3 − 1.8 ± 6 n.s

SF-12 
Mental 
Composite 
3 Month 
Delta

5.9 ± 7.1 − 2 ± 7.4 n.s 0.2 ± 4 2.2 ± 5.8 n.s 0.1 ± 3.7 − 0.7 ± 2.6 n.s

SF-12 
Mental 
Composite 
6 Month 
Delta

5.7 ± 8 − 4.5 ± 6.3 n.s 1.2 ± 5.6 1.6 ± 4.9 n.s 1.9 ± 3.6 − 1.3 ± 2.8 n.s

SF-12 
Mental 
Composite 
12 Month 
Delta

6.1 ± 8.4 N/A N/A 3.3 ± 5.7 3.5 ± 7.9 n.s 3.2 ± 4.5 N/A N/A

SF-12 
Physical 
Composite 
6 Week 
Delta

2.4 ± 5.1 − 5.3 ± 5.3 n.s 5.8 ± 5.9 7.6 ± 4.9 n.s 7.2 ± 4.4 − 2.5 ± 9.7 n.s

SF-12 
Physical 
Composite 
3 Month 
Delta

11.8 ± 6.1 5.9 ± 4.8 n.s 14 ± 5.5 13.5 ± 3.9 n.s 11.6 ± 3.9 7.4 ± 7.4 n.s

SF-12 
Physical 
Composite 
6 Month 
Delta

11.1 ± 10.9 4.7 ± 4.2 n.s 17.6 ± 5.8 18 ± 4.2 n.s 14.5 ± 4.3 7.7 ± 6.3 n.s
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