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Aims 
This retrospective observational study aimed to determine the in vivo joint loads in the 
knee after total knee arthroplasty during early postoperative rehabilitation involving different 
physiotherapy exercises and to analyze how these loads change over the first three weeks 
postoperatively. 

Methods 
Nine patients (six males, three females) with a primary instrumented total knee replacement 
participated in the study. A total of 19 selected physical therapy exercises of varying load levels 
were performed on the ninth (SD 3) and 21st (SD 6) postoperative day. During these sessions, 
the peak resultant knee contact force (Fres max) and loading patterns were measured to assess 
joint loading dynamics. 

Results 
Fres max varied across different exercises, ranging from a minimum of 15% body weight (% BW) 
during seated leg swings to a maximum of 195% BW during stair ascent. Joint loads increased 
from the ninth to the 21st postoperative day for all activities, except for a few relaxed status 
exercises where a decrease was observed. Load-bearing activities with crutches had the highest 
knee joint loads. 

Conclusion 
All exercises remained below the forces of walking on ground level indicating safety for the 
postoperative rehabilitation. Physical therapists should consider these loads in relation to daily 
activities when designing treatment plans also referring to the different loads in different 
exercises. 

Take home message 
• This study provides detailed in vivo data on

knee joint loading during early postopera-
tive rehabilitation following total knee
arthroplasty (TKA), contributing to evi-
dence-based optimization of physiother-
apy protocols.

• Relaxed and swelling-reduction exercises
were associated with low joint contact

forces, making them suitable for the early 
postoperative phase to facilitate tissue 
healing while minimizing mechanical 
stress. 

• Load-bearing activities, including crutch-
assisted walking and stair climbing,
resulted in moderate to high joint loads but
remained below those of level walking,
underscoring their importance for
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functional recovery when appropriately integrated into 
individualized rehabilitation plans. 

Introduction 
Total knee arthroplasty (TKA) is one of the most com
mon surgical procedures worldwide, primarily indicated for 
osteoarthritis, a prevalent joint disease that increases with 
age.1 Following TKA or fracture fixation, the recovery of joint 
function, pain reduction, patient satisfaction, and implant 
longevity are decisive factors for surgical success.2  Restor
ing the ability to perform activities of daily living (ADL) is 
the primary goal of the surgical intervention. Early mobiliza
tion, rehabilitation, and physiotherapy training are essential 
elements.3-5 In particular, cementless arthroplasty and fracture 
fixation entail a vulnerable phase of osseointegration and 
fracture healing, respectively. While immediate full weight-
bearing is now generally preferred for primary cemented 
TKA, individualized rehabilitation planning remains critical, 
particularly for uncemented prostheses and periarticular 
fractures, where optimal loading strategies are less defined.6-9 

Also in cemented arthroplasty, where primary stability of the 
implants is given, in vivo joint loads during the rehabilitative 
procedures can provide insights into stress on still healing 
soft-tissues in early rehabilitation phases. By systematically 
quantifying in vivo joint loads during early postoperative 
rehabilitation, this study provides fundamental data on how 
different exercises influence mechanical stress on the knee 
joint. 

-

-

-

Different in vivo studies using instrumented knee 
implants have already shown that joint contact forces 
frequently exceed body weight (BW).10-14 Level walking can 
load the knee joint with up to 280% of the patient’s 
BW,13,15 while descending stairs can impose up to 350% BW.12 

However, there remains a lack of understanding regarding 
realistic joint loading during early rehabilitation and physi
otherapy training. Furthermore, postoperative load specifica
tions provided by surgical guidelines typically do not account 
for additional in vivo forces resulting from muscle co-contrac
tions.16 Existing studies of our group also suggest a corre
lation between pre-existing fatty muscle degeneration, the 
extent of intraoperative muscle damage, and increased in vivo 
contact forces.17-19 Prior research has primarily focused on in 
vivo data during selected sporting activities and ADL,12,13,20-24 

largely neglecting knee joint loads during rehabilitation and 
physiotherapy training in the early postoperative phase. 

-
-

-
-

The initial phase of recovery after knee joint arthro
plasty is crucial, even with cemented prostheses, as seen in all 
our patients, where primary stability is established, but further 
healing is required.25-27 Moreover, the periarticular muscles 
spanning the joint are affected by surgery, with their injury 
and impairment being responsible for increasing stress on the 
prosthesis.17-19 

-

In recent years, several fundamental therapeutic 
concepts in physiotherapy have been developed for the 
postoperative care and rehabilitation of patients undergo
ing TKA. However, treatment approaches vary widely among 
clinics.3,4,28,29 Hence, the aim of the study was to determine the 
in vivo joint loads acting at the knee joint after TKA, during 
the early phase of rehabilitation and physiotherapy training. 
A secondary aim of this study was to determine the change 
in TKA loading during the postoperative recovery, to obtain 

-

more detailed information on the actual load profiles within 
the joint over time. In the context of the existing literature 
on forces acting on the knee joint in vivo,10-14 we formulated 
the following research questions: 1) what are the in vivo loads 
acting on the knee joint after TKA, during the early phase of 
rehabilitation and physiotherapy training?; 2) what changes 
can be observed in the in vivo joint loads during physiother
apy training over the early postoperative phase? 

-

Methods 
Participants 
Six male and three female patients with an instrumented 
TKA participated in this study. The use of instrumented 
knee prostheses for the in vivo measurement of joint loads 
requires specialized implants and complex telemetric systems. 
Due to the limited availability of these implants and the 
complex technical implementation, the sample size of this 
study is comparatively small. Patient characteristics are shown 
in Table I. The clinical study was approved by the Charité 
Ethics Committee (EA2/057/09) and registered at the ‘German 
Clinical Trials Register’ (DRKS00000563). All subjects gave their 
written informed consent to participate. 

Inclusion criteria were the need for a primary TKA due 
to osteoarthritis, the ability to perform the required physio
therapy exercises, and the commitment and motivation to 
participate in a long-term clinical study. Exclusion criteria were 
the presence of other active implants (e.g. cardiac pace
makers), inflammatory arthritis, and neurological or muscu
lar diseases. All TKA procedures were performed using the 
medial parapatellar approach and the tibia-first gap-balanc
ing technique by two experienced surgeons (see Acknowl
edgements) at a single institution (Sana Kliniken Sommerfeld, 
Germany). 

-

-
-

-
-

Design 
A total of 19 physiotherapy exercises were selected (Table 
II) and divided into five typical groups for postoperative 
mobilization and muscle training: 1) relaxation; 2) exercises 
to reduce swelling; 3) isometric exercises; 4) dynamic exercises; 
and 5) exercises on crutches. 

The chosen exercises represent standard rehabilita
tion protocols for early mobilization after TKA as for exam
ple described by the American Academy of Orthopaedic 
Surgeons.30 The selection aimed to include a spectrum of low-
to high-load activities to provide comprehensive data on knee 
joint stress. 

-
-

The  measurements  were  conducted  during  physio
therapy  training  at  two  postoperative  timepoints  during 
rehabilitation,  the  first  being  nine  days  (SD  3)  (D9)  and 
the  second  21  days  (SD  6)  (D21).  Day  nine  represents 
an  initial  recovery  stage  with  limited  mobility,  whereas 
day  21  corresponds  to  an  advanced  phase  with  increased 
functional  demands. 

-

All measurements were performed with several 
repetitions in each category and were instructed and 
monitored by a physiotherapist (see Acknowledgements). 

Outcome measures 
In vivo joint loads were measured using instrumented 
knee implants (INNEX FIXUC; Zimmer Biomet, Switzerland), 
featuring a cruciate-sacrificing design with an ultracongruent 
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tibial inlay.31 The implant is equipped with an induction 
coil, telemetric data transmission, and six strain gauges. 
Load-dependent deformation of the implant component is 
detected by these strain gauges, allowing calculation of 
six different load components.32 The telemetry and external 
equipment were previously published in detail.33 All patients 

were videotaped during the measurements and the telemetric 
load signals were recorded simultaneously on video. 

Table I. Patient characteristics. 

Patient K1L K2L K3R K4R K5R K6L K7L K8L K9L 
Mean 
(SD) 

Sex M M M F M F F M M 

Height, cm 177 171 175 170 175 174 166 174 166 172 (4) 

Age, yrs 62 71 70 63 60 65 74 70 75 68 (5) 

Body weight, kg 98 89 96 92 97 77 71 81 103 89 (11) 

BMI, kg/m2 31 30 31 32 31 25 26 27 37 30 (3) 

F, female; K, knee; L, left; M, male; R, right. 

Table II.  Summary of the performed exercises. 

Group Exercise 

Relaxed a) Relaxed lying (RelLyi) 

b) Relaxed lying with two towels rolled up under the heels (RelLyiTow) 

c) Sitting on the edge of the bench with hanging legs (RelSit) 

Exercises to reduce swelling a) Lying with dorsiflexion/plantarflexion in the ankle joint (LyiFlexAnk) 

b) Sitting with hanging legs and performing dorsiflexion/plantarflexion (SitFlexAnk) 

Isometric exercises a) Isometric contraction with straight knee in lying position (LyiIso) 

b) Isometric contraction with straight knee and isometric hip abduction (LyiIsoHipAbd); the therapist 
applies resistance to the subject’s leg, pushing on the lateral side to achieve isometric hip abduction 

c) Isometric contraction with straight knee and isometric hip adduction (LyiIsoHipAdd); 

the therapist applies resistance to the subject’s leg, pushing on the medial side to achieve isometric hip 
adduction 

Dynamic exercises a) Lying with sliding heel on the bench from knee extension to maximum flexion and including dorsal 
extension (LyiHeelSli); variation: additional resistance on the lower leg by the therapist (LyiHeelSliRes) 

b) Supine position with straight legs and ankle on a gymnastic ball (mean 65 cm) with pressure in the 
direction of the ball (LyiExtGymBall) 

c) Supine position with bent legs and ankle on an gymnastic ball (mean 65 cm) with pressure in the 
direction of the ball (LyiFlexGymBall) 

d) Sitting with swinging legs (SwingLeg) 

e) Sitting and bring ipsilateral leg into maximum extension (SitExtIpsi) 

1. Performed quickly (SitExtIpsiFast) 
2. With thigh elevated at the same time (SitExtThighLift) 
3. Bring both legs into extension at the same time (SitExtBoth) 
4. Bring both legs into extension at the same time – quickly (SitExtBothFast) 

Exercises on crutches a) 3-point gait with crutches (3PGait) 

b) 4-point gait with crutches (4PGait) 

c) Walking upstairs with crutch ipsilateral and railing contralateral (StairAscendCrutchOne) 

d) Walking upstairs with crutches on both sides (StairAscendCrutchTwo) 

e) Walking downstairs with crutch ipsilateral and railing contralateral (StairDescendCrutchOne) 

f ) Walking downstairs with crutches on both sides (StairDescendCrutchTwo) 

The coordinate system of the instrumented knee 
implant is tibia-fixed and positioned at the lowest point of 
the implant inlay, with the Z-axis oriented along the axis of 
the implant component. The force components Fx, Fy, and Fz 
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act in lateral, anterior, and superior directions relative to the 
tibial plateau (Figure 1). Resultant forces (Fres) are calculated as 
the square root of the sum from the three force components.32 

In this study, our focus was on determining the maximum 
resultant contact force (Fres max) only. Forces measured on 
the left knee are mirrored to the right side and all forces are 
reported in percentage of the patient’s body weight (% BW). 

Fig. 1 
Coordinate system of the instrumented knee implant. Fres, resultant force. 

Statistical analysis 
The time loading patterns of the different activities were 
intra-individually averaged over the entire exercise using a 
dynamic time-warping procedure,34  to create typical individual 
load time patterns. Subsequently the inter-individual knee 
joint loads were averaged using the intra-individual deter
mined joint loads. Individual peak loads were related to the 
average peak values from all investigated trials. The Fres max 
refers to the highest loads observed across all subjects and 
trials studied and is presented as the mean value. Addi
tionally, the 95% CI was calculated. Since not all patients 

-

-

performed every exercise, Fres max and CI may differ between 
the individual observation of an exercise and the comparison 
between the measurement days and between the different 
exercises. All statistical analyses and tests were performed 
using a non-parametric Wilcoxon signed-rank test (Wilcoxon 
matched pairs test, significance threshold: p = 0.05), using 
SPSS v26 (IBM, USA). 

Results 
In vivo load data were collected on the two above sta
ted postoperative timepoints using instrumented knee joint 
implants to analyze load development and potential changes 
during the healing phase. In total, 19 common postoperative 
physiotherapy exercises were investigated. Figure 2  illustrates 
averaged activity-specific time load patterns for each exercise 
category, categorized by typical groups for postoperative 
mobilization and muscle training. 

-
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Fig. 2 
Comparison of the load cycle and the resultant forces in each performed exercise: a) relaxed exercies, b) swelling reducing exercises, c) isometric 
exercises, d) dynamic exercises in supine position, e) dynamic exercises i seated position, and f ) exercises with crutches. BW, body weight; D, day; 
LyiExtGymBall, supine position with straight legs and ankle on a gymnastic ball (⌀65 cm) with pressure in the direction of the ball; LyiFlexAnk, 
lying with dorsiflexion/plantarflexion in the ankle joint; LyiFlexGymBall, supine position with bent legs and ankle on a gymnastic ball (⌀65 cm) with 
pressure in the direction of the ball; LyiHeelSli, lying with sliding heel on the bench from knee extension to maximum flexion and including dorsal 
extension; LyiHeelSliRes, variation: additional resistance on the lower leg by the therapist; Lyilso, isometric contraction with straight knee in lying 
position; LyiIsoHipAbd, isometric contraction with straight knee and isometric hip abduction; LyiIsoHipAdd, isometric contraction with straight knee 
and isometric hip adduction; P, point; RelLyi, relaxed lying; RelLyiTow, relaxed lying with two towels rolled up under the heels; RelSit, relaxed sitting; 
SitExtIpsi, sitting and bring ipsilateral leg into maximum extension; SitFlexAnk, sitting with hanging legs and performing dorsiflexion/plantarflexion. 

In vivo knee joint loads during early rehabilitation and 
physiotherapy 
Relaxed and  swelling reduction exercises 
• Fres max for relaxed sitting significantly decreased from 17% 

BW (95% CI 11.1 to 22.9) on day nine to 13% BW (95% CI 9.5 
to 16.5) on day 21 (p = 0.012) (Figure 2a). 

• No significant changes were observed in relaxed lying, 
although a trend towards increased Fres max was seen in 
lying with two towels under the heels (Figure 2b). 

Isometric  exercises 
• Lying isometric contraction showed a significant increase in 

Fres max from 59% BW (95% CI 51.2 to 66.8) on day nine to 
72% BW (95% CI 60.2 to 83.8) on day 21 (p = 0.028) (Figure 
2c). 

• Seated ipsilateral leg extension significantly increased from 
63% BW (95% CI 52.5 to 73.5) to 82% BW (95% CI 66.4 to 
97.6) (p = 0.018) (Figure 2e). 
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• Additional resistance during isometric hip abduction led to 
a notable increase in Fres max  from 76% BW (95% CI 68 to 84) 
to 98% BW (95% CI 75.5 to 120.5) on day 21 (p = 0.068), 
albeit without statistical significance. 

  

Fig. 3 
Change of maximum resultant contact force (Fres max) during relaxed, swelling reducing, and isometric exercises from day 9 (D9) to day 21 (D21). 
*p ≤ 0.05. BW, body weight; LyiFlexAnk, lying with dorsiflexion/plantarflexion in the ankle joint; Lyilso, isometric contraction with straight knee in 
lying position; LyiIsoHipAbd, isometric contraction with straight knee and isometric hip abduction; LyiIsoHipAdd, isometric contraction with straight 
knee and isometric hip adduction; pOP, postoperative; RelLyi, relaxed lying; RelLyiTow, relaxed lying with two towels rolled up under the heels; RelSit, 
relaxed sitting; SitFlexAnk, sitting with hanging legs and performing dorsiflexion/plantarflexion. 

Dynamic  exercises 
• Leg swinging exhibited a minor reduction in Fres max  from 

17% BW (95% CI 13.5 to 20.5) on day nine to 15% BW 
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(95% CI 11.3 to 18.7) on day 21, although this was not 
statistically significant (Figure 2d). 

• Lying heel slides showed Fres max values of 44% BW (95% CI 
38.1 to 49.9) on day nine and 50% BW (95% CI 40.2 to 59.8) 
on day 21. When performed with additional resistance, Fres 

max increased to 81% BW (95% CI 58.5 to 103.5), showing a 
trend towards an increase (p = 0.068) (Figure 2d). 

Fig. 4 
Change of maximum resultant contact force (Fres max) in the group of dynamic exercises on day 9 (D9) compared with day 21 (D21). *p ≤ 0.05. BW, 
body weight; D, day; LyiExtGymBall, supine position with straight legs and ankle on a gymnastic ball (⌀65 cm) with pressure in the direction of the 
ball; LyiFlexGymBall, supine position with bent legs and ankle on a gymnastic ball (⌀65 cm) with pressure in the direction of the ball; LyiHeelSli, lying 
with sliding heel on the bench from knee extension to maximum flexion and including dorsal extension; LyiHeelSliRes, variation: additional resistance 
on the lower leg by the therapist; pOP, postoperative; SitExtIpsi, sitting and bring ipsilateral leg into maximum extension. 

Crutch-assisted gait and stair climbing 
• Three-point gait exhibited two load peaks: Fres max 1  = 155% 

BW (95% CI 134.3 to 175.7) and Fres max 2 = 120% BW 
(95% CI 103 to 137) on day nine, increasing to 178% BW and 
194% BW on day 21 (Figure 2f). 

• Four-point gait resulted in a significant 48% increase in Fres 

max 2 from day nine to day 21 (p = 0.018), indicating greater 
joint loading compared to three-point gait (Figure 2f). 

• Stair ascent exhibited the highest knee joint loads, with Fres 

max increasing significantly from 177% BW (95% CI 156.3 to 
197.7) on day nine to 193% BW (95% CI 176.7 to 209.3) on 
day 21. 

• Stair descent exhibited similarly high forces, with significant 
increases for both peaks compared to day nine, reinforcing 
the demand these activities place on the knee joint during 
early rehabilitation (Figure 2f). 
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Fig. 5 
Change of maximum resultant contact force (Fres max) in the group of exercises with crutches on day 9 (D9) compared with day 21 (D21). *p ≤ 0.05. 
BW, body weight; D, day; P, point; pOP, postoperative. 

Changes in the in vivo knee joint loads during the first three 
weeks postoperatively 
• No significant changes in relaxed lying exercises were 

observed, but a minor decrease in relaxed sitting loads was 
noted (Figure 3a). 

• Fres max during isometric knee extension significantly 
increased by 28% from day nine to day 21 (p = 0.025), 
emphasizing the impact of progressive resistance training 
(Figure 3c). 

• A trend towards increased loads was noted for hip abduc
tion and adduction exercises, but statistical significance was 
not reached (p = 0.068). 

• Dynamic seated knee extension exhibited a significant 34% 
increase in Fres max from day nine to day 21 (p = 0.018), 
underlining the progressive adaptation in joint loading 
(Figure 4b). 

• In crutch-assisted walking, a trend towards increased 
contact forces was observed in four-point gait (p = 0.086), 
with a significant 11% increase in Fres max 2 (p = 0.015) 
(Figure 5a). 

-
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• Stair ascent and descent showed the highest knee joint 
loads across all exercises, with stair climbing exhibiting an 
upward trend in load intensity between day nine and day 
21, though not all changes were statistically significant 
(Figure 5b). 

Discussion 
Within this study, exercises in a relaxed state showed the 
lowest knee joint contact loads, while body weightbearing 
activities showed the highest. Climbing stairs with crutches 
caused higher contact forces compared to other exercises, 
but these loads were still below those measured during level 
walking a few months postoperatively.12 Joint contact forces 
during level walking were reported by Kutzner et al12  at 
261% BW and used as a reference. Passive exercises, such 
as stretching the knee in a relaxed lying position, showed 
comparatively low contact forces. When patients contracted 
the muscle in extension, contact forces increased, illustrating 
the impact of muscle contraction, particularly the quadriceps 
femoris, on joint forces.11,16 These loads significantly increased 
within the first three weeks postoperatively (+28%), likely 
due to reduced pain and increased consistency in exercise 
performance, as well as regained quadriceps strength and 
higher periarticular muscle co-contraction.35-37 Kutzner et 
al12 demonstrated the impact of muscle co-contractions by 
measuring in vivo knee loads during one-leg stance instabil
ity, observing loads over 550% BW. By measuring the axial 
forces acting on the tibiofemoral joint, D’Lima et al10  found 
that increasing muscle strength during postoperative healing 
increased joint forces, such as during stair climbing. 

-

Isometric muscle contraction exercises showed 
increased in vivo forces with added resistance from the 
therapist, particularly during hip joint abduction. Despite this, 
the use of, for example resistance bands, can promote muscle 
hypertrophy and is easily accessible to patients, as long as 
forces do not exceed harmful limits.38,39 Overall, relaxed and 
swelling reducing exercises showed lower loads in sitting 
positions compared to supine positions. When contracting 
the muscles, joint partners are pressed together and thus 
increase the contact force.40,41 The highest impact is exerted 
by the quadriceps femoris, which has the greatest force effect 
during extension,42 explaining why exercises in extension led 
to higher maximum contact forces than in flexion. 

To reduce joint loading after TKA or osteosynthesis, 
crutches are commonly used. This study found that a three-
point gait was more effective in reducing in vivo contact 
forces compared to a four-point gait, as also shown for hip 
implants by Damm et al,43 however a four-point gait allowed 
for a more physiological gait pattern.44 Fregly et al45  found 
that walking sticks reduced tibiofemoral contact forces by 
10% to 39% compared to normal walking. When comparing 
crutch-assisted exercises in this study to previously published 
level walking measurements, contact loads were considerably 
lower.12,13 Loads of 261% BW during level walking, 316% BW 
during stair ascent, and 346% BW during stair descent were 
measured seven to 22 months postoperatively.12 Joint contact 
loads during four-point walking showed a trend to increase 
from day nine to day 21, but remained 26% lower than Kutzner 
et al’s12 2010 data. Our data support the recommendation of 
three-point gait in the starting phase of rehabilitation due 
to its reduced peak loads. However, patients can easily be 

recommended to transition to four-point gait in the further 
course of healing, as it better simulates normal walking and 
has only minor clinical differences from the three-point gait. 

Stair ascent and descent resulted in substantially higher 
loads than all other investigated exercises. Individual contact 
forces of up to 244% BW were observed on day nine, mak
ing stair climbing the highest load exercise studied. For all 
crutch-assisted exercises, contact forces increased from day 
nine to day 21. Despite this, stair climbing with crutches 
showed reduced contact forces compared to level walking or 
stair climbing at later postoperative timepoints.12,19  Climb
ing stairs is essential for ADL, and inability often requires 
assistance, significantly impacting quality of life.46,47  While 
crutches do not reduce joint loads as much as surgeons may 
intend,43 they can provide walking safety for patients with 
insufficient leg strength postoperatively. Proper training with 
crutches must be supervised by a physiotherapist to prevent 
additional loading from incorrect handling.48,49 Ideally, this 
should be carried out preoperatively.50,51 

-

-

Our study results provide valuable insights into the 
stress on knee joints during early postoperative physiother
apy and help to optimize rehabilitation protocols. Although 
immediate full weightbearing is now the standard proce
dure for patients undergoing primary knee arthroplasty, our 
findings provide valuable insights into knee joint loading 
that can inform rehabilitation strategies for other knee-rela
ted surgical procedures. These include periarticular fractures, 
revisions of knee arthroplasties, and periprosthetic fractures, 
where optimal weightbearing guidelines remain less defined. 
The data presented in this study can serve as a reference 
for postoperative physiotherapy planning, aiding clinicians in 
tailoring rehabilitation protocols to specific patient needs. 

-

-

-

Based on the results of this study, the following 
recommendations for physiotherapists and physicians should 
be considered. Relaxed exercises, such as sitting and lying 
down without muscle contractions, offer the least stress 
and are ideal as a base position for the start of rehabilita
tion. Swelling reduction exercises such as dorsiflexion and 
plantar flexion while lying down should be incorporated, 
especially in a seated position. Isometric exercises while lying 
down, such as extension with careful resistance, promote 
the muscular strength of the quadriceps femoris muscle. 
Dynamic seated exercises, such as leg swings and extensions, 
provide moderate loads and can improve joint functionality. 
These exercises are especially beneficial when weightbearing 
is restricted or for patient-specific reasons, as they reduce joint 
forces while still offering  effective muscle training. 

-

Exercises with crutches, in particular the three-point 
gait, effectively reduce joint loads and should be used early on 
to promote mobility, as should climbing stairs with crutches 
to promote everyday mobility. In general, early full weight-
bearing should be encouraged in order to speed up rehabil
itation and shorten hospital stays. Intensive physiotherapy 
and targeted muscle strengthening are crucial for reduc
ing postoperative complications and achieving functional 
milestones more quickly. 

-

-

Central to our analysis was that, except for body weight 
exercises, all exercises studied were below the loads from 
level walking post-recovery, indicating that these exercises can 
be performed safely in postoperative rehabilitation to regain 
function and strength. 
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Despite being the first of its kind, our study has 
limitations. The small sample size of nine patients and 
exclusive investigation of cruciate-retaining implants limits the 
generalizability of the results. Individual differences in age, 
weight, and preoperative health status could influence the 
results. Additionally, the potential impact of postoperative 
pain and analgesic medication on exercise performance and 
joint loading was not assessed, introducing further variabil
ity. Furthermore, not every patient performed each exercise. 
Resistance applied by the physical therapist was not meas
ured, compromising exact quantitative statements about the 
correlating effects of counterforce during physiotherapy. 

-

-

Nonetheless, this study provides for the first time 
realistic in vivo loading data during physiotherapy exerci
ses in the early postoperative period of rehabilitation after 
knee surgery. The study can aid surgeons and therapists 
in individualized recommendations and establish a more 
research-based treatment regimen. 

-

Supplementary material 
Definitions of gait patterns. 
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