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ABSTRACT

Background. Posttraumatic hemarthrosis (HA) following intra-articular fractures is a clinically significant condi-
tion with variable outcomes ranging from full recovery to persistent joint dysfunction. Early prediction of adverse
outcomes remains a challenge. This study aimed to develop and validate an immunologically guided prognostic
model based on selected biomarkers.

Materials and Methods. A total of 150 individuals were enrolled: 60 patients with HA after intra-articular fractures
(main group), 60 with HA without fracture (comparative group), and 30 healthy controls. Serial measurements of
CD4", CDI19", IgG, CIC, IL-6, TNF-a, and phagocytic index (PI) were performed at baseline and on days 10-14
post-injury. Logistic regression and ROC analysis were used to construct a predictive model.

Results. Patients with poor clinical outcomes demonstrated negative AIL-6 (< —20 pg/mL), low ACD4" (< +3%),
insufficient AlgG (< +1.5 g/L), and <15% reduction in CIC. The predictive model including five immune parame-
ters showed excellent performance (AUC = 0.91, sensitivity 87%, specificity 81%). A simplified scoring system was
proposed for clinical use.

Conclusion. Dynamic immune profiling in the subacute phase of trauma enables early identification of patients at
high risk of unfavorable outcomes. The developed model has strong potential for integration into risk stratification
protocols in posttraumatic joint care.

Keywords: Hemarthrosis, intra-articular fracture, prognosis, immune markers, IL-6, CD4", CIC, ROC analysis,
prediction model.

I Bukhara State Medical Institute, Bukhara, Uzbekistan

2 Samarkand Branch of the Republican Specialized Scientific-Practical Medical Center of Traumatology and Orthopedics, Samarkand,
Uzbekistan

3 Tashkent Medical Academy, Tashkent, Uzbekistan

JESM 2025 | Volume 1 | Issue 4 37 https://journals.tma.uz/


https://journals.tma.uz/

How to Cite: Khamdamov B.Z., Vakhabov K .Sh., Boboev K .Kh. Development of a Clinical-Immunological Prognostic Model for Adverse Out-
comes in Posttraumatic Hemarthrosis Associated with Intra-Articular Fractures // Journal of Educational & Scientific Medicine, 2025. Vol. 1, Issue

4, P.37-42.

INTRODUCTION
Posttraumatic hemarthrosis (HA) is a frequent

and disabling complication of intra-articular

fractures, associated with synovial inflamma-
tion, joint effusion, and potential progression to chronic
dysfunction or posttraumatic osteoarthritis [1,2]. While
conventional assessment relies heavily on radiological
and clinical criteria, these approaches often lack sensitiv-
ity for predicting adverse outcomes in the subacute peri-
od [3].

Recent studies have emphasized the role of the im-
mune system in modulating joint recovery. Trauma in-
duces both systemic and local inflammatory responses
that affect tissue remodeling and regeneration [4]. Key
immunological components—such as CD4" T-helper
cells, circulating immune complexes (CIC), im-
munoglobulins, and proinflammatory cytokines (IL-6,
TNF-0)—serve as not only markers of inflammation but
also as potential predictors of healing capacity and com-
plication risk [5-7].

Despite the identification of individual immune pa-
rameters associated with poor recovery, integrated mod-
els capable of predicting outcomes with high clinical
utility remain underdeveloped. Most prior attempts have
been limited to single time-point measurements or lacked
validation against objective clinical outcomes [8.,9].

In this context, dynamic monitoring of immune
markers offers a promising strategy. It allows the detec-
tion of trajectories associated with failure to resolve in-
flammation or excessive immune activation, both of
which may contribute to joint fibrosis, recurrent effu-
sions, and surgical revision [10].

This study aimed to construct a clinical-immunologi-
cal model for predicting adverse outcomes in patients
with HA secondary to intra-articular fractures. Based on
logistic regression of serial immune data, we sought to
identify key biomarkers, validate their predictive capaci-
ty using ROC analysis, and propose a simplified scoring
tool for clinical application.

MATERIALS AND METHODS

his prospective observational study was con-

T ducted between 2021 and 2024 at the

Samarkand Branch of the Republican Special-

ized Scientific-Practical Medical Center of Traumatology

and Orthopedics. Ethical approval was granted by the

Local Ethics Committee of Bukhara State Medical Insti-

tute, and written informed consent was obtained from all

participants in accordance with the Declaration of Hel-
sinki.
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The study enrolled 150 participants, divided into
three groups: the main group included 60 patients with
hemarthrosis (HA) caused by intra-articular fractures of
the knee or ankle joints; the comparative group com-
prised 60 patients with traumatic HA not associated with
fractures (confirmed by radiographic and CT imaging);
and the control group included 30 clinically healthy vol-
unteers, matched by age and sex. All patients were ad-
mitted within 48 hours after injury. Exclusion criteria
were the presence of autoimmune or infectious diseases,
decompensated diabetes mellitus, chronic hepatic or re-
nal disorders, malignancy, and recent immunosuppres-
sive therapy.

All patients in the main and comparative groups un-
derwent venous blood sampling on day 1-2 (baseline)
and again on day 10-14 post-injury. The following im-
munological parameters were assessed: CD4" and
CDI19" lymphocyte counts (flow cytometry using BD
FACSCalibur); serum IgG levels (nephelometry); circu-
lating immune complexes (CIC) (PEG precipitation);
cytokines IL-6 and TNF-a (ELISA); and phagocytic in-
dex (PI), determined microscopically using latex particle
ingestion. For each parameter, delta values (A) were cal-
culated as the difference between follow-up and baseline
values (AX = X10—14 - Xl_Z)-

Clinical outcomes were assessed prospectively and
categorized as favorable or unfavorable. Unfavorable
outcomes included any of the following: recurrent
hemarthrosis requiring aspiration, persistent synovitis
beyond 14 days, delayed joint function recovery beyond
21 days, or re-hospitalization and surgical revision. Pa-
tients were stratified accordingly into two prognostic
groups.

Statistical analysis was performed using SPSS 26.0
and MedCalc. The normality of data distribution was
tested using the Shapiro—Wilk test. Continuous variables
were expressed as mean =+ standard deviation and com-
pared using the Student’s t-test or Mann—Whitney U test
as appropriate. Categorical variables were analyzed us-
ing the chi-square test. Logistic regression analysis was
applied to identify independent predictors of adverse
outcome, with AIL-6, ACD4", AlgG, ACIC, ATNF-q,
and API considered as candidate variables. The final
model was selected using backward stepwise elimination
(p<0.05). Model performance was evaluated using re-
ceiver operating characteristic (ROC) analysis with area
under the curve (AUC), sensitivity, specificity, and opti-
mal cutoff values reported. Based on regression coeffi-
cients, a simplified predictive scoring system was also
proposed for clinical use.
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RESULTS

total of 150 participants completed the study.
A Among them, 60 patients had posttraumatic
hemarthrosis (HA) associated with intra-ar-
ticular fractures (main group), 60 had HA without frac-
tures (comparative group), and 30 healthy individuals
comprised the control group. Demographic parameters
were comparable between groups (p > 0.05). Clinical
follow-up revealed that 26 patients (43.3%) in the main
group and 9 patients (15%) in the comparative group
developed unfavorable outcomes, confirming the higher
risk associated with fracture-related HA (y2 = 10.72, p <
0.01).

Analysis of immune dynamics (A-values between
days 1-2 and 10-14) revealed significant differences
between patients with favorable and unfavorable out-
comes. In the unfavorable group, AIL-6 was persistently
negative, averaging —24.7 + 8.5 pg/mL, compared to a
moderate decline (-9.3 + 4.7 pg/mL) in the favorable
group (p < 0.001). Similarly, ACD4" lymphocytes
showed minimal recovery in the unfavorable group (+1.1
+ 0.9%), whereas patients with favorable outcomes ex-
hibited a pronounced increase (+5.2 + 1.7%, p < 0.001).
A comparable trend was observed for AlgG (+0.7 = 0.5
g/L vs +2.3 £ 0.8 g/L, p < 0.001), and ACIC reduction
was significantly smaller in the unfavorable group (-8.2
+ 3.4 opt. units vs —17.1 £ 5.6, p < 0.001).

A binary logistic regression analysis identified four
A-indicators as independent predictors of unfavorable
outcomes: AIL-6 < -20 pg/mL (OR = 4.65; 95% CI:
2.01-10.78), ACD4" < +3% (OR = 3.74; 95% CI: 1.66—
8.46), AlgG < +1.5 g/L (OR =3.92; 95% CI: 1.71-9.00),
and ACIC reduction < 15 units (OR = 3.58; 95% CI:
1.59-8.09). ATNF-a and API did not retain significance
in the final multivariate model (p > 0.05).

The predictive model incorporating these four vari-
ables demonstrated high discriminative ability, with
ROC analysis yielding an AUC of 0.91 (95% CI: 0.86—
0.96). At the optimal cutoff, the model achieved 87%
sensitivity and 81% specificity for predicting adverse
outcomes. A simplified scoring system was derived, as-
signing one point for each high-risk A-indicator. Patients
scoring 3—4 points had a 78% probability of developing
complications, while those with 0—1 points had less than
10% risk.

The model was internally validated using bootstrap-
ping (1000 iterations), which confirmed its robustness
(corrected AUC: 0.89).
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DISCUSSION

he present study demonstrates that dynamic
I monitoring of selected immune parameters can
provide clinically meaningful prognostic in-
formation in patients with hemarthrosis (HA) following
intra-articular fractures. Our findings suggest that specif-
ic patterns of immune recovery —or failure thereof —are
closely linked to the development of unfavorable out-
comes, including persistent synovitis, delayed functional
recovery, and repeated effusions.

One of the key findings was the significant prognostic
value of IL-6 dynamics. A persistent elevation or insuffi-
cient decline of IL-6 (AIL-6 < -20 pg/mL) was the
strongest individual predictor of adverse outcome. This
aligns with prior studies that have identified I1L-6 as a
reliable marker of systemic inflammatory response and
tissue damage following trauma [1,2]. While acute eleva-
tion of IL-6 may be appropriate in the early inflammato-
ry phase, its sustained production is associated with on-
going synovial activation and joint matrix degradation
[3].

Similarly, ACD4" lymphocyte count emerged as a
powerful immunological marker. Patients with inade-
quate restoration of CD4" levels within two weeks post-
injury were significantly more likely to experience com-
plications. CD4" T cells play a central role in orchestrat-
ing immune resolution and tissue repair [4]; thus, their
persistent deficiency may reflect post-traumatic immuno-
suppression or regulatory failure. These observations are
consistent with previous data on CD4" dysfunction in
polytrauma and sepsis [5].

Immunoglobulin G (IgG) recovery also proved pre-
dictive. A AlgG below +1.5 g/L was independently asso-
ciated with poor outcomes, suggesting that humoral im-
mune exhaustion contributes to impaired joint ho-
meostasis. While IgG is classically involved in pathogen
defense, it also participates in clearance of immune com-
plexes and supports tissue repair [6].

The role of circulating immune complexes (CIC) in
posttraumatic inflammation has been highlighted in both
experimental and clinical literature [7]. Our study con-
firms that insufficient reduction of CIC over time is
linked to delayed resolution of inflammation, possibly
due to ongoing antigen exposure or defective clearance
mechanisms. Elevated CIC levels may perpetuate syn-
ovial irritation and complement activation, further exac-
erbating joint injury [8].
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Interestingly, although TNF-o and the phagocytic
index (PI) showed significant differences between
groups in univariate analysis, they did not retain statisti-
cal significance in the final model. This suggests that
their prognostic utility may be limited in the presence of
stronger markers such as IL-6 and CD4".

The resulting four-parameter model demonstrated
excellent diagnostic performance, with an AUC of 0.91.
This level of accuracy is comparable to or superior to
existing orthopedic scoring systems, many of which lack
immunological integration [9]. Importantly, our model is
based on simple and widely available laboratory assays,
which increases its feasibility for clinical adoption.

From a practical perspective, the derived point-based
scale allows for stratification of patients into high- and
low-risk groups using a straightforward scoring algo-
rithm. This may facilitate early identification of patients
requiring closer follow-up, immunological consultation,
or tailored therapeutic approaches such as intensified
physical therapy or anti-inflammatory interventions.

Limitations of this study include the single-country
setting and relatively short follow-up period. Further
multicenter validation is warranted to confirm external
applicability. Nonetheless, the robustness of the model
under internal validation suggests that its core compo-
nents are biologically relevant and clinically useful.

CONCLUSION

his study presents a novel clinical-immunolog-
I ical model for predicting adverse outcomes in
patients with posttraumatic hemarthrosis fol-
lowing intra-articular fractures. By evaluating the dy-
namics of key immune indicators—specifically AIL-6,
ACD4", AlgG, and ACIC —we were able to identify pa-
tients at high risk for prolonged inflammation, functional
limitations, and surgical complications. The proposed
model demonstrated high diagnostic accuracy and inter-
nal validity, and can be easily implemented using stan-
dard laboratory tools.

Incorporation of this model into clinical practice may
improve early risk stratification, guide personalized
treatment strategies, and ultimately enhance outcomes in
the management of joint trauma. Further multicenter
studies are warranted to externally validate and refine
this approach across broader patient populations.
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TRAVMATIK GEMARTROZLI BEMORLARDA
NOQULAY KLINIK NATIJALARNI BASHORAT
QILISH UCHUN KLINIKO-IMMUNOLOGIK
MODELNI ISHLAB CHIQISH

Hamdamov B.Z.!, Vahobov K.Sh.2, Boboyev K.X 3

! Buxoro Davlat Tibbiyot Instituti, Buxoro, O‘zbekiston
2 Respublika ixtisoslashtirilgan travmatologiya va orto-

pediya ilmiy-amaliy tibbiyot markazi, Samarqand filiali
3 Toshkent Tibbiyot Akademiyasi, Toshkent, O‘zbekiston

ANNOTATSIYA:

Ichki bo‘g‘im sinishlari bilan kechuvchi travmatik
gemartrozdan so‘ng noqulay natijalarni erta aniqlash
dolzarb klinik vazifadir. Ushbu tadqiqotning maqgsadi —
IL-6, CD4" limfotsitlar, IgG, tsirkulyatsiyalovchi immun
komplekslar (TsIK) kabi asosiy immun ko‘rsatkichlar
dinamikasiga asoslangan bashorat modelini ishlab
chiqish va baholashdan iborat bo‘ldi. Tadqgiqotda 150
nafar ishtirokchi qatnashdi. 10-14 kun oralig‘idagi o‘z-
garishlar (A) hisoblandi va logistik regressiya asosida
to‘rt ko‘rsatkichli prognoz modeli yaratildi. Natijalar
AIL-6 < —20 pg/ml, ACD4" < +3%, AlgG < +1.5 g/l va
ATSIK < —15 birlik bo‘lgan bemorlar orasida asoratlar
xavfi yuqoriligini ko‘rsatdi. ROC tahlilga ko‘ra, model-
ning aniqligi (AUC = 0.91) yuqori bo‘lib, tavsiya etilgan
ballik tizim klinik qo‘llash uchun mos deb topildi.

Kalit so‘zlar: Gemartroz, bo‘g‘im sinishi, im-
munologik markerlar, IL-6, TsIK, CD4", prognoz mod-
eli, ROC.
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PA3PABOTKA K/IIMHUKO-
VMMYHOJIOTMYECKOY MOJEJN
INPOI'HO3UPOBAHUA HEBJIAT OIIPUATHOI'O
NCXOOA Y TAIIMEHTOB C
INOCTTPABMATUYECKUM I'EMAPTPO30M,
ACCOLIMMUPOBAHHLIM C
BHYTPUCYCTABHBIMU NNEPEJIOMAMMU

XampgamoB b.3.!, Baxo6os K.III.2, Boooes K. X 3

I Byxapckuii rocyJapCTBeHHbI MEULIMHCKUI UHCTUTYT,
r. Byxapa, Pecny6nuka ¥Y36ekucran
2 Camapkanpckuil prnan Pecry6mkaHCKoOro
CHENMATM3UPOBAHHOTO HAyYHO-TIPAKTUIECKOT O
MEMLUHCKOrO LEHTPa TPABMATOJIOIAN W OPTONEVN
3 TamkeHTCKast MEMUIMHCKAsS akajeMus, I. TanikeHr,
Pecny6muka ¥Y36ekucTan

AHHOTALNA:

Pannsis upeHTU(UKAIMS TAUUEHTOB C BBLICOKUM
PUCKOM HEOIarompusiTHOIO MCXO/ia MOoCcJie TpaBMaThuiec-
KOr0 remMapTpo3a OCTa€TCs aKTyaJIbHOW KIMHUYECKON
3ajjaueii. llenpro maHHOrO WHCCeNOBaHUs SIBUJIACh
pa3paboTKa W Baaufauusi MPOrHOCTUYECKON MOJEIM Ha
OCHOBE JIMHAMUKU WUMMYHOJIOTMYECKUX MoKa3aTenein —
IL-6, CD4"-numcormros, 1gG M UupPKyIMpPyrOIMX
rmmyHHbIX KomiuiekcoB (LIWK). B uccnenoBanue Obuiu
BkiovyeHbl 150 napuenToB. OlieHMBAlach pa3HULA
3HavyeHnit Ha 10-14 cyTtku mocne TpaBmbl (A).
ITocTpoeHHasi norucTuyeckas Mojiesib MPOAEMOHCTPUPO-
BaJla BBICOKYIO JMArHOCTUYECKYIO TOYHOCTH (AUC =
0.91). YcranosneHo, uro 3Hauyenuss AIL-6 < —20 nr/mi,
ACD4" < +3%, AlgG < +1,5 r/n u camkenne HUK < 15
OMNT. €Jl. JOCTOBEPHO ACCOUUMPOBAHBI C OCJOXKHEHHBIM
TeyeHueM. PaspabGoTanHas OajuibHas IIKaia MO3BOJISIET
NPOBO[WTHL PAHHIOID CTPATU(PUKAIMIO PUCKA U MOXKET
ObITb UCMOJIL30BAHA B KJIMHUYECKOW MPAKTUKE.

KmioueBbie ciioBa: ['emapTpo3, BHYTpPHCYCTaBHOI
nepeysoM, WMMYyHHble Mapkepwl, IL-6, LMK, CDh4",
Mofenb nporuo3a, ROC-ananus.
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