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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: The knee joint, through its anatomy, 

biomechanics, and function, represents a highly complex 
mechanism. In recent years, the implantation of knee prostheses 
has markedly increased worldwide, driven by the need to reduce 
pain and improve mobility. Although total knee arthroplasty 
currently remains the most common treatment for advanced-
stage gonarthrosis, achieving optimal surgical outcomes, 
restoring full functional mobility, and accurately predicting 
postoperative results continue to pose significant challenges.

Objectives: The aim of our study was to determine the 
advantages of surgical treatment of gonarthrosis using a 
computer-assisted navigation system and to assess how these 
advantages influence the biomechanical characteristics of the 
knee joint and postoperative pain. 

Methods: A total of 100 patients who underwent primary 
total knee replacement between 2020 and 2024 (using only a 
sliding implant with patellar resurfacing) were evaluated on 
Randomized bases. Patients were allocated to the two study 
groups using a stratified randomization approach with a 1:1 
allocation ratio. Stratification was performed by sex to ensure 
an equal distribution of male and female patients between 
the navigation-assisted total knee arthroplasty group and the 
standard surgery group. This approach was chosen to minimize 
potential confounding related to sex-specific differences in 
postoperative pain perception and functional recovery. All 
eligible patients meeting the inclusion criteria were assigned to 
one of the two groups according to the predefined randomization 
scheme prior to surgery.

All patients received a prosthesis with a tibially fixed 
polyethylene insert and preservation of the posterior cruciate 
ligament (Fa. Aesculap). The patients were divided into two 
main groups: the N-group, who underwent computer-assisted 
navigation–guided total knee arthroplasty with patellar 
resurfacing (OrthoPilot®, Fa. B. Braun, Aesculap), and the 
S-group, who underwent standard total knee arthroplasty with 
patellar resurfacing. Pre- and postoperative pain assessment was 
performed using the 0–10 Numerical Rating Scale (NRS), while 
the knee joint range of motion was evaluated using the neutral-
zero method. The postoperative follow-up period was 6 months.

Results: No significant differences were observed between the 
groups with respect to age or sex. In the preoperative period, 
22.0% of patients in the navigation-assisted group reported 
moderate pain, whereas 78.0% reported severe pain. In the 
standard surgery group, moderate pain was observed in 26.0% of 
patients, and severe pain in 74.0%. According to postoperative 
day 4–5 data, 38% of patients in the N group and 26% in the S 

group reported mild pain. Moderate pain was present in 48% of 
the N group and 52% of the S group. Severe pain was noted in 
14% of the N group and 22% of the S group. Importantly, pain 
distribution between the N and S groups during postoperative 
days 4–5 did not differ significantly (P > .05).

At the 6-week postoperative evaluation, 46.0% of patients in 
the navigation group (N) reported no pain, 40.0% reported mild 
pain, 12.0% reported moderate pain, and only 2.0% reported 
severe pain. In the standard group (S), 30.0% were pain-free, 
40.0% reported mild pain, 28.0% moderate pain, and 2.0% 
severe pain. At the 6-month postoperative follow-up, 68% of 
patients in the N group were pain-free, 28% had mild pain, and 
4% had moderate pain. In the S group, 60% were pain-free, 
34% reported mild pain, and 6% reported moderate pain. Based 
on proportional distribution between groups, no statistically 
significant differences were identified (P > .05). 

Frequency analysis showed that the mean preoperative knee 
flexion amplitude in the navigation-assisted group (N) was M 
= 109.70°, SD = 10.32, while in the standard group (S) it was 
M = 104.40°, SD = 10.48. By postoperative day 5, a marked 
reduction in flexion amplitude was observed in both groups (N: 
M = 58.70°, SD = 15.28; S: M = 46.00°, SD = 11.07). During 
subsequent rehabilitation, a clear recovery trend was noted. At 
6 weeks postoperatively, the mean flexion amplitude increased 
to M = 119.40°, SD = 6.97 in the N group and M = 110.00°, SD 
= 9.04 in the S group. At the 6-month follow-up, both groups 
reached their maximal recovery levels; however, the navigation-
assisted group continued to demonstrate superior knee flexion 
amplitude (N: M = 121.00°, SD = 7.00; S: M = 113.40°, SD = 
8.48). 

Conclusions: Comparative analysis between the groups 
demonstrated that, overall, patients who underwent navigation-
assisted surgery exhibited significantly greater knee flexion 
amplitudes across the four time points assessed (F = 31.343, 
p < .001). Notably, the between-group differences did not 
emerge immediately but became pronounced at later stages—
specifically from the 6-week to the 6-month postoperative 
period. A statistically significant interaction between time and 
group was identified (Amplitudes × Group: F(3,96) = 3.458, 
p = .019), indicating that the rate of improvement in knee 
flexion amplitude differed between groups. Patients treated with 
computer-assisted navigation recovered motion amplitude more 
rapidly and more completely than those who underwent the 
standard procedure. 

The results further show that by postoperative week 6, 16% 
more patients in the navigation-assisted group had achieved 
a pain-free status compared with the standard surgery group. 
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Conversely, moderate pain was observed 16% more frequently 
in the standard technique group than in the navigation group at 
the same postoperative interval.

Key words. Gonarthrosis, navigation in knee endoprosthesis 
implantation, orthopilot, total knee arthroplasty.
Introduction.

It should be taken into account that in patients over 60 years of 
age, approximately 90% of gonarthrosis cases ultimately require 
endoprosthetic replacement. Consequently, this condition 
carries both medical and social significance. Although total 
knee arthroplasty (TKA) is currently the most common method 
for treating advanced-stage gonarthrosis, achieving optimal 
functional recovery of mobility and accurately predicting 
postoperative outcomes remains a major clinical challenge [1-
4].

The idea of developing a computer-assisted navigation system 
emerged from the need to address the problems described in 
the global medical literature regarding knee joint arthroplasty. 
The concept was based on establishing a precise relationship 
between anatomically accurate implant positioning, restoration 
of the joint’s postoperative biomechanical function, and, 
ultimately, the longevity of the prosthesis. Navigation systems 
such as OrthoPilot not only determine patient-specific bone 
resection planes but also assess the degree of ligament tension 
and suggest the most appropriate implant size for the individual 
patient [5,6].

Why is it so crucial for a knee endoprosthesis to match the 
patient’s anatomy as closely as possible?

The knee is a complex joint with individualized biomechanics. 
Approaching every patient with a standardized anatomical model 
disregards their unique structural characteristics. This, in turn, 
alters the natural range of motion and affects all surrounding 
structures, including patellar tracking, ligament tension, and 
overall joint stability. This also explains why up to 20% of 
patients remain dissatisfied after conventional, non-navigated 
knee arthroplasty [2,3]. We suspect that such dissatisfaction is 
largely attributable to disruption of the patient’s individual knee 
anatomy, including alterations in anatomical and mechanical 
axes.

Using a computer-assisted system, it becomes possible 
to simulate patient-specific joint kinematics and determine 
the optimal implant position. This approach offers multiple 
advantages: preservation of the knee’s original biomechanics 
and mobility, reduced postoperative pain, faster rehabilitation, 
and significantly lower complication rates.

Since navigation-assisted arthroplasty such as OrthoPilot is 
relatively new and requires additional specialized training, its 
widespread adoption globally remains limited [4]. Consequently, 
scientific publications addressing the outcomes of computer-
assisted knee arthroplasty are scarce. Existing studies in the 
international literature predominantly focus on postoperative 
radiographic outcomes of navigated TKA [7]. However, clinical 
outcomes— postoperative biomechanical characteristics of the 
knee, and pain intensity—are equally important and require 
thorough evaluation [8-15].

The aim of our study is to identify the advantages achieved 
through minimizing deviations in the mechanical axis of 

the lower limb. Achieving absolute anatomical accuracy 
is practically impossible without computer assistance. The 
study investigates correlations between pain intensity and 
anthropometric parameters. We compare navigation-assisted 
procedures with the standard technique and evaluate how these 
advantages influence postoperative pain [16-29].
Materials and Methods.

The Randomized study included patients who underwent 
primary knee joint replacement with a total endoprosthesis 
(cruciate-retaining implant with patellar resurfacing) between 
2020 and 2024. All procedures involved tibially fixed 
polyethylene inserts with preservation of the posterior cruciate 
ligament (Fa. Aesculap). Patients selected for inclusion were 
those diagnosed with stage III–IV gonarthrosis according to the 
Kellgren & Lawrence classification. and radiological evaluations 
were performed preoperatively, at hospital discharge, and at 6 
weeks and 6 months postoperatively. 

Patients were divided into two main groups:
•	 N-group: Patients who underwent computer-assisted 

total knee arthroplasty with patellar resurfacing using a 
navigation system (OrthoPilot®, Fa. B. Braun, Aesculap).

•	 S-group: Patients who underwent standard (non-
navigated) total knee arthroplasty with patellar resurfacing.

Age subgroups:
•	 Group I: 50 to 65 years
•	 Group II: 66 to 80 years
Gender distribution:
•	 M: male
•	 F: female
The study consisted of 100 patients (50 female, 50 male) 

who underwent primary total knee replacement with patellar 
resurfacing between 2020 and 2024. Of these, 50 patients were 
assigned to the N-group (25 female / 25 male) undergoing 
computer-assisted navigation, and 50 patients to the S-group 
(25 female / 25 male) undergoing the standard technique.
Results.

Pre- and postoperative radiographic evaluations were 
performed, including anteroposterior (A.P.) and lateral 
views of the knee joint, as well as full-length, weight-bearing 
anteroposterior radiographs of the entire lower limb. Pain 
assessment was conducted pre- and postoperatively using the 
Numerical Rating Scale (NRS) ranging from 0 to 10.

Following hospital discharge, all patients underwent a 
complete rehabilitation program, which included early 
mechanotherapy, physiotherapy, lymphatic drainage, manual 
therapy, and therapeutic exercises. Particular emphasis was 
placed on strengthening the muscular apparatus (M. quadriceps 
femoris, M. gastrocnemius, ischiocrural muscles/hamstrings) 
and enhancing the stability of the knee joint. 

No significant differences were observed in outcomes based 
on age or sex. Analysis of knee flexion range revealed that, 
preoperatively, the mean flexion in the computer-assisted 
surgery group (N) was M = 109.70°, SD = 10.32, while in the 
conventional surgery group (S) it was M = 104.40°, SD = 10.48.

On postoperative day 5, both groups experienced a marked 
reduction in flexion amplitude (N: M = 58.70°, SD = 15.28; S: 
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M = 46.00°, SD = 11.07). Subsequent assessments showed a 
clear trend of recovery. By 6 weeks postoperatively, the mean 
flexion had increased to M = 119.40°, SD = 6.97 in the N group 
and M = 110.00°, SD = 9.04 in the S group.

At 6 months postoperatively, both groups reached their 
maximal flexion, although the computer-assisted group (N) 
maintained a higher range of knee flexion (N: M = 121.00°, SD 
= 7.00; S: M = 113.40°, SD = 8.48).

Regarding postoperative pain during days 4–5, mild pain was 
reported in 38% of patients in the N group and 26% in the S 
group. Moderate pain was observed in 48% of N group patients 
and 52% of S group patients, while severe pain occurred in 14% 
of N group patients and 22% of S group patients.

By 6 weeks postoperatively, 46.0% of patients in the computer-
assisted group (N) reported no pain, 40.0% mild pain, 12.0% 
moderate pain, and only 2.0% severe pain. In the conventional 
surgery group (S), 30.0% were pain-free, 40.0% reported mild 
pain, 28.0% moderate pain, and 2.0% severe pain (Figure 1).

Discussion.
Since pain-level variables represent ordinal data—where each 

category reflects the severity of pain within defined intervals 
(0 = no pain, 1 = mild, 2 = moderate, 3 = severe pain)—a 
Crosstab Analysis was employed to evaluate the association 
between the type of surgery (computer-assisted navigation vs. 
standard technique) and pain-level categories. Kendall’s tau-b 
coefficient was used to determine the direction and strength 
of the association, while standardized residual statistics were 
applied to identify differences between groups.

In the preoperative period, 22.0% of patients who underwent 
computer-assisted navigated surgery reported moderate pain, 
whereas 78.0% reported severe pain. Among patients treated 
with the traditional method, moderate pain was observed in 
26.0%, and severe pain in 74.0%. The residual coefficients 
indicate that preoperative pain perception did not significantly 
differ between the N and S groups (P > .05), suggesting that the 
groups were homogeneous at baseline.

Figure 1. Pain.

Figure 2. Pain-free Patients.
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It is noteworthy that during the early postoperative period 
(days 4–5), pain perception did not significantly differ between 
the combined N and S groups (P > .05). However, an important 
trend was observed: severe pain occurred more frequently in the 
S group, whereas mild pain was more common among patients 
in the N group (Figures 2 and 3).

In this study, the primary objective was to evaluate the 
dynamics of knee flexion amplitude changes over different 
time points—preoperatively, and at 5 days, 6 weeks, and 
6 months postoperatively—and to compare these changes 
between two surgical techniques: computer-navigated surgery 
and conventional standard surgery. To achieve this, a repeated 
measures ANOVA was employed, allowing simultaneous 
assessment of:

•	 The effect of time on knee flexion amplitude,
•	 The effect of surgical technique, and
•	 The interaction between time and surgical technique.
Multivariate analysis indicated that knee flexion amplitude 

significantly changed over time (Pillai’s Trace = 0.966, Wilks’ 
Lambda = 0.034, F(3,96) = 902.062, p < 0.001). Furthermore, 
the interaction between time and surgical group was statistically 
significant (Amplitudes × Group: F(3,96) = 3.458, p = 0.019), 
suggesting that the rate of knee flexion recovery differs between 
the groups. Specifically, patients who underwent computer-
navigated surgery demonstrated a faster and more complete 
recovery of knee flexion amplitude in the postoperative period 
compared to those who underwent conventional surgery. The 
significant interaction effect confirms that the type of surgical 
procedure influences the recovery dynamics [21-29].
Conclusion.

At the sixth postoperative week, 16% more patients in the 
computer-navigated surgery group (N) achieved a pain-
free state compared to the conventional surgery group (S). 
Conversely, moderate pain was observed 16% more frequently 

in the conventional surgery group than in the navigated surgery 
group. Analysis of standardized residuals indicated that in the N 
group, the residual for the pain-free category was positive (0.9), 
whereas for the moderate pain category it was negative (-1.3), 
suggesting that pain-free status occurred more frequently, 
and moderate pain less frequently, than expected. In contrast, 
the S group showed the opposite trend, with moderate pain 
observed more frequently than expected and pain-free status 
less frequently.

Kendall’s tau-b correlation confirmed a weak but statistically 
significant association between surgical technique and 
postoperative pain (τb = 0.193, p = 0.035), indicating a tendency 
for computer-navigated surgery to be associated with lower 
postoperative pain at 6 weeks.

By the sixth postoperative month, 68% of patients in the N 
group were pain-free, 28% reported mild pain, and 4% moderate 
pain. In the S group, 60% were pain-free, 34% reported 
mild pain, and 6% moderate pain. Although the percentage 
differences between groups were not statistically significant (p 
> 0.05), a slightly higher proportion of N group patients (8%) 
achieved pain-free status compared to the S group.

Comparative analysis of knee flexion amplitude across the 
four time points revealed a significant difference between 
groups (F = 31.343, p < 0.001). Overall, patients who underwent 
computer-navigated surgery consistently demonstrated higher 
knee flexion amplitudes compared to those in the conventional 
surgery group. Notably, the difference between groups became 
more pronounced over time, particularly from 6 weeks to 6 
months postoperatively.
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