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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.
Introduction: Tibial plateau fractures (TPF) comprise 1% 

of all fractures, despite their limited frequency, due to their 
intraarticular nature they commonly result in significant 
functional morbidity. Generally, younger, and middle-aged men 
(64%) tend to have fractures as a result of high-energy trauma, 
such as high-speed motor vehicle accidents or falls from a 
considerable height, while older women have low-energy 
fractures (35%). While there is growing evidence on the clinical 
and radiological outcomes of surgical techniques, there remains 
limited evidence on return to sport following TPF.

Aim of this retrospective study is to determine the sporting 
abilities of patients after operative treatment of TPF.

Material and Method: 47 Patients (20 women, 27 men) who 
underwent surgical treatment for a TPF were surveyed by a 
questionnaire to determine their sporting activity were followed- 
up a mean of 47.6 months (Min: 12, Max: 115). All the patients 
fractures were systematically assessed using AO- Classification. 

The Lysholm-Gillquist scores, IKDC Score, Injury - 
Psychological Readiness to Return to Sport (I-PRRS) scales 
and ACL-Return to Sport Injury Scale (ACL-RSI) were used to 
assess clinical outcomes. 

Results: All fractures united, and no revision surgeries were 
required. There were no intraoperative complications. Mean 
postoperative IKDC score was 75 (Min:13, Max: 100), mean 
postoperative Lysholm score was 82 (Min: 5, Max: 100), mean 
ACL-Return to Sport Injury Scale (ACL-RSI) was 66 (Min: 0, 
Max: 100), Injury-Psychological Readiness to Return to Sport 
Scale (I-PRRS-Scale) was 39 (Min: 0, Max: 80). 31/47 patients 
were able to return to their former -sports- activity level, 8/47 
did not achieve their former sports activity level before injury, 
2/47 cases changed their kind of sport and 6/47 stopped sporting 
activities. 

Conclusion: Tibial plateau fractures -a severe injury- have 
a great effect on patients in terms of quality and quantity of 
sporting activity. Nevertheless, most of our surgical treated 
patients were satisfied with the outcome with good values in the 
Lysholm- score, I-PRRS- Scale, IKDC score and ACL-Return 
to Sport Injury Scale.

Key words. Tibial plateau, Fracture, Surgery, Return to sports, 
Physical activity.
Introduction.

Tibial plateau fractures (TPF) comprise 1% of all fractures, 
despite their limited frequency, due to their intraarticular nature 

they commonly result in significant functional morbidity [1-
7]. Elsoe et al. showed that TPF have an incidence of 10.3 
per 100 000 people annually, with AO type 41-B3 being the 
most common type (35% of all TPF), followed by AO type 41-
C3 representing 17% of all TPF [1,5,8]. The various fracture 
patterns range from undislocated split fractures and slightly or 
severely displaced depression fractures to complex comminuted 
fractures with severe destruction of the joint lines and cartilage 
lesions [1,7,9,10]. Generally, younger, and middle-aged men 
(64%) tend to have fractures as a result of high-energy trauma, 
such as high-speed motor vehicle accidents or falls from a 
considerable height, while older women have low-energy 
fractures (35%). In elderly patients, TPF may also occur due 
to a simple fall and low-energy trauma [1,11]. When treating 
fractures of the tibial plateau, an accurate anatomic reduction 
of the articular surface with rigid fixation is needed to allow for 
early rehabilitation and range of motion exercises for cartilage 
lubrication [12]. The goal of treating TPF is to obtain a stable 
joint, enabling early mobilization of the knee [1]. Treatment of 
such injuries is challenging. Previous studies showed that PTF 
frequently results in residual pain, functional limitations, and 
osteoarthritis (OA) [1,5]. Today, an increasing life expectancy 
rate also results in increasing patient expectations concerning the 
continued participation in sports and recreational activities [12]. 

Since the majority of patients sustaining TFP injuries 
are relatively young and active, this can have devastating 
consequences for their leisure or competitive involvement in 
sports. Adequate physical 

activity is important among all ages, and its health benefits 
for both physical and emotional wellbeing have been well 
established [6,10].

While there is growing evidence on the clinical and radiological 
outcomes of surgical techniques, there remains limited evidence 
on return to sport following TPF [4,6,7,10,12-14].

Aim of this retrospective study is to determine the sporting 
abilities of patients after operative treatment of TPF and answer 
the question whether different fracture patterns lead to different 
times of return to sport.
Materials and Methods.

Institutional review board approval was obtained before the 
initiation of this retrospective study. 47 Patients (20 women, 
27 men) who underwent surgical treatment for a TPF were 
surveyed by a questionnaire to determine their sporting activity 
were followed- up a mean of 47.6 months (Min: 12, Max: 115). 
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Inclusion criteria were operatively treated TPF in patients with 
closed epiphyseal cartilage with a minimum follow-up of 12 
months in a single trauma speciality center [10]. Exclusion 
criteria were non-articular fractures, bilateral fractures, patients 
with accompanying injuries in the same extremity, pathologic 
fractures, deceased patients, psychosis or addictive disorder, 
handicapped/walking disability before the tibial plateau fracture 
and patients missing CT scan preoperatively.

All the patients’ fractures were systematically assessed using 
AO classification [15]. Analysis was based on standard antero- 
posterior and lateral radiographs of the knee and a CT scan 
with axial, sagittal, coronal and 3D reconstruction. Operation 
technique, implants and the use of bony transplants or bone 
substitution was documented. In all cases arthroscopic assisted 
osteosynthesis was performed.

The questionnaire also inquired about the patient’s use of any 
pain medication during sports activity (regularly, occasionally, 
never), time to return to “normal activities” and return to sports 
and use of assistive equipment. We asked the patients for a 
subjective limited range of the motion of the affected knee prior 
accident, one year after surgery and latest follow-up. 

Recorded complications were categorized as fracture-related 
infection, non-union and reintervention.

The Lysholm-Gillquist scores [16], IKDC Score [17], Injury 
- Psychological Readiness to Return to Sport (I-PRRS) scales 
[18] and ACL-Return to Sport Injury Scale (ACL-RSI) [19] 
were used to assess clinical outcomes. 

The Lysholm Gillquist score is a patient-reported instrument 
that consists of subscales for pain, instability, locking, swelling, 
limp, stair climbing, squatting, and the need for support. 
Scores range from 0 (worse disability) to 100 (less disability) 
and is used for evaluating outcomes of knee ligament surgery, 
particularly for symptoms related to instability.

The IKDC score is a patient-completed tool, which contains 
sections on knee symptoms (7 items), function (2 items), and 
sports activities (2 items). Scores range from 0 points (lowest 
level of function or highest level of symptoms) to 100 points 
(highest level of function and lowest level of symptoms) and is 
used to assess patients with a variety of knee disorders including 
ligamentous and meniscal injuries as well as patellofemoral 
pain and osteoarthritis.

The Injury Psychological Readiness to Return to Sport 
(I-PRRS) scale is a 6-item scale that measures the psychological 
readiness of injured athletes to return to sport.

The ACL - Return to Sport after Injury (ACL-RSI) scale was 
developed in order to measure athletes’ emotion, confidence, 
and risk appraisal when returning to sports after an ACL 
injury and/or reconstructive surgery. The survey consists of 12 
items that are graded on a visual analogue scale from 0 points 
(extremely negative psychological responses) to 100 points (no 
negative psychological responses). 

All above mentioned scales are used to assess return to sport 
following tibial head fractures in literature.

We asked for sports frequency (0-7 sessions per week), 
duration of sports activities (hours per week: <1h, 1-5h >5 h), 
and the patient’s level of sports (recreational, competitive, elite) 
prior fracture and at latest follow-up.

Additional we asked for achievement of previous sports 

activities, partial achievement of previous sports activities, 
abandonment of sports activities or change of sports activities.

Mann-Whitney U test was used for statistical analysis. All 
statistics were performed with SPSS (IBM SPSS Statistics for 
Windows, version 24.0), and alpha was set at P < 0.05 to declare 
significance.
Results.

The study cohort comprised 27 men and 20 women, with an 
unequal side distribution of involved knees (21 right and 26 left). 
Mean age at time of surgery was 52,5 years (Min: 21, Max:73). 

The average postoperative follow-up was 47.6 months (Min: 
12, Max: 115).

Of the 47 patients, 9 (20%) were injured after a fall from a 
standing height, 35 (74%) were injured after a fall of more 
substantial height and 3 (6%) were injured during sports 
participation.

According to patients’ information there were no limitations 
in range of motion (ROM) before the injury in 45 cases, slight 
limitation in ROM in one case and severe limitation in ROM in 
one case. 

At latest follow-up 20 patients (43%) stated identical ROM in 
comparison to situation prior injury. 20 patients (43%) stated 
slight reduction of ROM and 7 patients (14%) suffered from 
severe limitation of ROM of the affected knee.

Sporting activities were possible 6 months after surgery with 
orthopedic devices like orthosis in 28 cases, 1 year after surgery 
orthosis were used in another 11 cases, at latest follow-up 2 
patients used orthosis when performing sports.

All fractures united, and no revision surgeries were required. 
There were no intraoperative complications.

According to AO classification 1 fracture belonged to A3, 9 to 
B1, 7 to B2, 12 to B3,1 to C1, 4 to C2 and 13 to C3 type (Figure 1). 

Figure 1. Tibial plateau fracture type according to AO classification 
[29].

Bony defects were filled in 21/ 47 cases, calcium phosphate 
bone substitute was used to fill the defect in 17 cases, autologous 
spongiosa graft was used in 4 cases. 

An angle-stable, anatomically shaped lateral tibial head plate 
was used in 42 cases, in 2 cases simple srews were used for 
osteosynthesis. Double plate osteosynthesis was used in 3 cases.

Mean postoperative IKDC score was 75 (Min:13, Max: 100), 
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mean postoperative Lysholm score was 82 (Min: 5, Max: 100), 
mean ACL-Return to Sport Injury Scale (ACL-RSI) was 66 
(Min: 0, Max: 100), Injury-Psychological Readiness to Return 
to Sport Scale (I-PRRS-Scale) was 39 (Min: 0, Max: 80).

31/47 (66%) patients were able to return to their former -sports- 
activity level, 8/47 (17%) did not achieve their former sports 
activity level before injury, 2/47 (4%) cases changed their form 
of sport and 6/47 (13%) stopped sporting activities. The patients 
who stopped performing sports belonged to B3 fracture type in 
3 cases and C2 fracture type in 1 case and C3 fracture type in 
2 cases.

A fracture type is extraarticular TPF. B and C fracture types are 
intraarticular TPF. We compared the group of B and C fracture 
types. The median time of return to sport was 12 months (min:6, 
max: 24) in group C fractures and 7.7 months (min: 6, max: 24) 
in group B fractures (p < 0.05).  

At latest follow- up 10 patients did not perform any sports. 15 
performed sporting activities < 1 hour per week, 21 performed 
sporting activities 1 - 5 hours per week, 1 patient performed 
sports > 5 hours per week.

9 (19%) patients take regular pain killers to be able to perform 
sports, 15 (32%) patients take occasionally pain killers during 
sports activity, 23 (49%) patients don`t take any pain killers 
during sports activity. 
Discussion.

Elsoe et al. [8] showed that TPF have an incidence of 10.3 
per 100 000 people annually, with AO type 41-B3 being the 
most common type (35% of all TPF), followed by AO type 41-
C3 representing 17% of all TPF.  In our study group 1 fracture 
belonged to AO type A3, 9 to B1, 7 to B2, 12 to B3,1 to C1, 4 
to C2 and 13 to C3 type which is a comparable fracture pattern 
distribution [7,8].

TPF may lead to disability and hinder patients’ participation in 
recreational athletics [11]. 

The median time of return to sport in our study was 12 months 
(min:6, max: 24) in group C fractures and 7.7 months (min: 6, 
max: 24) in group B fractures (p < 0.05).  

At latest follow- up 31/47 (66%) patients were able to return to 
their former -sports- activity level, 8/47 (17%) did not achieve 
their former sports activity level before injury, 2/47 (4%) 
patients changed their form of sport and 6/47 (13%) stopped 
sporting activities.

Kampa et al. [4] could examine 20 patients following 
arthroscopic-assisted fixation of TPF (AAPF) after an average 
follow-up of 30 months (range, 12 -62). Mean postoperative 
IKDC score was 81 (range, 55-97), and mean postoperative 
Lysholm score was 87 (range, 54-100). 87 (range, 54-100). 
This result is comparable to our results after a mean follow- up 
of 47.6 months (Min: 12, Max: 115). Our mean postoperative 
IKDC score was 75 (Min: 13, Max: 100), mean postoperative 
Lysholm score was 82 (Min: 5, Max: 100). Median Lysholm 
knee scores ranged from 77 to 100 in the patient population, 
indicating fair to excellent results in several studies [20,21]. In 
comparison to other studies, we had more C3 fractures (28%), 

which might be the reason why our clinical results were a little 
bit inferior in respect to Lysholm or IKDC score.

At the end of the follow-up of the study by Quintens et al. only 
39% of the patients were engaged in sports, indicating that only 
two out of three patients playing sports before the injury are still 
able to do so after, illustrating a significant decrease. As much as 
55% of all patients reduced their frequency of physical activity. 
The mean time needed to partially resume pre-injury activities 
was 6 - 9 months. Sixteen percent of the responding patients 
were not able to resume their activities being engaged in low-
impact sports was associated with a sooner partial, as well as 
full resumption of preinjury sports, compared with high-impact 
sports [6]. Our return to sports rate was comparable higher even 
after the 4-year follow-up (At latest follow- up 31/47 (66%) of 
our patients were able to return to their former -sports- activity 
level, 8/47 (17%) did not achieve their former sports activity 
level before injury, 2/47 (4%) patients changed their form of 
sport and 6/47 (13%) stopped sporting activities).

The median time of return to sport in our study was 12 months 
(min:6, max: 24) in group C fractures and 7.7 months (min: 6, 
max: 24) in group B fractures.

Previously Kraus et al. and Loibl et al. [10,16] reported 82% 
and 88% return to sport rates in a general cohort of TPF. Quintens 
et al. observed a return rate of only 68% after a mean follow-up 
of 33 months [6]. Kugelman et al. [11] reported even a lower 
return to sports rate of 52.4%. However, the mean follow-up in 
their study was only 15 months.

We follow Quintens et al. [6] that different results in several 
studies in respect to return to sports following TPF cannot be 
compared because return to sports rate differs from high impact 
and low impact sports and different follow- ups. One weakness 
of our study was that we missed to ask for the different kinds 
of sports!

Loibl et al. [12] as well as Kugelman et al. [11] found that a 
higher age at the time of the injury was associated with a lower 
return to sports, arguing that an advancing age might be related 
to a reduced physiological reserve and healing potential. This 
is our impression, too. We did not evaluate this date as we 
had only a small cohort study. We focused on the severeness 
of the fracture type which is more important to the outcome in 
comparison to the age.

Kugelmann et al. [11] found that the number of patients who 
returned to participation in recreational athletics gradually 
increased over time after ORIF for a tibial plateau fracture. This 
is concordant to the result of our study. At the 6 months’ time 
point after operative management, only one third of patients 
had returned to participation in recreational athletics. By final 
follow-up, over half of patients in this study had returned to 
participation in athletics [11]. 

In a study performed by Kraus et al, [10] nearly two-thirds 
of patients with operatively managed tibial plateau fractures 
returned to participation in recreational athletics at 1-year 
follow-up, while 88% of the patients participated in recreational 
athletics at a mean of 4.4 years of follow-up. This concordant 
to our results.
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Previous studies have reported changes in patients’ athletic 
participation, from high-impact sports, such as skiing and 
jogging, before their knee injury to lower impact sports, such as 
Nordic walking, aqua fitness, weight training, and cycling, after 
the injury [10,12]. Our results show that 31/47 patients were 
able to return to their former -sports- activity level, and only 
2/47 cases changed their form of sport, 6/47 stopped sporting 
activities.

Our study has some limitations including the retrospective 
design and only midterm outcomes reported, which does not 
allow any conclusions regarding sporting activities at a later 
time point or the development of osteoarthritis of the knee. 
Nevertheless, our follow-up of 4 years is one of the longer 
follow- ups in comparison to other above-mentioned studies 
on return to sports following TPF. Additionally, we failed to 
document the different kinds of sports in respect to high impact 
sports or recreational athletics.

Robertson et al. [7] showed different rates of return to sports 
following different surgery techniques. Arthroscopic assisted 
techniques offered the best return rates at 83%, with a similar 
value for return to pre-injury level of sport. In comparison, 
the return rates for ORIF or using a frame were 60% and 52% 
respectively, and the return rate to preinjury level of sport were 
34% and 31% [7,22-28]. We could not find any differences 
in return to sports in our study in respect of different surgical 
techniques using different implants. On reason might be that we 
performed arthroscopic assisted osteosynthesis in all cases. But 
we found different times in return to sports in respect to different 
fracture types.  

Kraus et al. [10] support the hypothesis that TPF have a great 
effect on patients’ sporting activity. Despite good clinical 
results, patients were likely to give up their ambitious sporting 
activity and switch to lower impact sports. Robertson et al. 
postulated that 70% percent of patients with a TPF returned to 
sport following injury, with only 60% were to return to their 
pre-injury level of sport [7]. 

Patients who were able to return to recreational athletics had 
associations with better functional outcomes, both physically 
and emotionally in comparison to high impact sports. This is 
one important information that should be communicated with 
the patient [11].

Gill et al. [2] reported an 84% rate of return to sports in 25 
skiers with arthroscopically assisted reduction and internal 
fixation of tibial plateau fractures, with a mean follow-up of 
2 years. However, precise information on sports participation 
is missing. Kraus et al. [10] in a detailed analysis of return to 
sports after tibial plateau fractures reported good clinical results 
and a rate of return to sports of 73%, with a mean follow-up 
of 4.4 years. In a small cohort study Chiu et al. 22/25 patients 
could return to their previous activity level, including sports 
such as basketball, tennis, and football [29].

In the series of Morin et al. [14] 87% of patients were able to 
return to sport activities. Of course, all these studies including 
ours, did not consider psychological influence on return to 
sports activities which could skew the final outcome which is a 
topic for future studies.

We follow Kugelmann et al. [11] that patients who sustain 
a TPF and are undergoing operative interventions should 

be counselled, that they have a 50% chance of returning to 
participation in recreational athletics by 1 year after the injury. 
We could find a 65% chance of returning to sports on a former 
level in recreational athletics after 4 years, which is nearly 
identical to the results published by Scheerlinck et al. [30]. 

Our study has some limitations including a retrospective design 
without clinical or radiologic examination and a small cohort 
group. Sports activity level was assessed by the use of specially 
designed questionnaires and several activity scores. We believe 
that our study design is perfect to answer the question of return 
to sport following TPF. We could show different times to 
return to sports following PTF in respect to AO fracture types. 
C fractures took a significant longer time in comparison to B 
fractures.
Conclusion.

Tibial plateau fractures -a severe injury- have a great effect 
on patients in terms of quality and quantity of sporting activity. 
Nevertheless, most of our patients were satisfied with the 
outcome with good values in the Lysholm- score, I-PRRS- 
Scale, IKDC score and ACL-Return to Sport Injury Scale. 
Patients have a 50% - 65% chance of returning to participation 
in recreational athletics, but patients with C fracture types need 
a longer time in comparison to B fracture types.
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